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SULPHIDE MINERALIZATION
AND HOST ROCKS OF THE KANGIARA REGION
NEW SOUTH WALES
PLATE 1
Colour photomicrographs illustrating microscopic features of 
the sulphide mineralization at Kangiara, New South Wales.
All photomicrographs were taken with reflected plane polar­
ized light.
Top left. Galena (white) occurring interstitially to sphaler­
ite (grey). Pyrite (pale yellow) is also present. x200.
Top right. Example of the fragmental nature of the ore. 
Minerals present include sphalerite (grey), galena (white), 
chalcopyrite (pale yellow) and quartz (dark grey). x200.
Bottom left. Banded chalcopyrite (yellow) and sphalerite 
(grey). xlOO.
Bottom right. Chalcopyrite (yellow) rimmed by pyrite
(white) grains. Sphalerite (grey) is also present. x200 .
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PLATE 2
Colour photomicrographs (transmitted light, all crossed 
nicols) illustrating textures of the Hawkins Volcanics in 
the Kangiara region, New South Wales.
Top left. Angular quartz fragment and a pumice fragment (?) 
(centre of view). Sample number 7962. xlOO.
Top right. Plagioclase phenocryst (top of photo) and a 
columnar aggregate of epidote crystals. Sample number 6993 
xlOO .
Bottom left. Phenocrysts of hornblende (top of photo) and 
biotite. Sample number 7964. xlOO.
3ottom right. Zircon grain with radioactive halo in
chlorite. Sample number 7011. xlOO.
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The Kangiara region, in south-eastern New South 
Wales, forms part of the Lachlan Fold Belt. The region 
is underlain predominantly by acid volcanic rocks (the 
Hawkins Volcanics) of Silurian age with minor inter­
calations of limestones, shales and sandstones, deposited 
on a continental margin in a partly marine environment. 
Study of 209 thin sections and 89 whole rock chemical 
analyses shows that the Hawkins Volcanics consist of 
siliceous, potassium-rich calc-alkaline pyroclastic 
rocks varying in composition from dacite to rhyolite.
Detailed investigation of the base-metal sulphide 
mineralization in the region, including mineragraphic 
examination of 411 polished sections, 610 electron 
microprobe analyses and trace element determinations on 
95 sulphide mineral separates, indicates that four main
types of deposit are present: Kangiara-type --- in the
Hawkins Volcanics; mineralization at Rays prospect on 
the contact between Hawkins Volcanics and Mundoonen 
Sandstone; mineralization in limestone and calc-silicate 
hornfelses; and mineralization in metamorphosed 
Ordovician sedimentary rocks.
Kangiara-type mineralization is dominant and the 
Kangiara mine is the most significant deposit in the 
region. Near the mine the country rocks are more 
rhyolitic than elsewhere and the mineralization is 
accompanied by silicification, chloritization,
11
sericitization and argillization. The host rocks 
typically contain a higher K20:Na20 ratio than the 
volcanic rocks not associated with mineralization.
In the Kangiara deposit the mineralization 
consists of massive (in part banded), fragmental, 
disseminated and vein-type Cu-Pb-Zn ores, with the 
massive and fragmental types divisible into pyrite, 
chalcopyrite and sphalerite-galena varieties. With 
respect to this mineralogy, the ore textures and sulphur 
isotope compositions the deposit closely resembles the 
stratiform mineralization associated with Silurian acid 
volcanic rocks at Woodlawn, Captains Flat and elsewhere 
in the Lachlan Fold Belt. The Kangiara mineralization 
is interpreted to be of submarine exhalative origin, 
similar to the Tertiary Kuroko deposits of Japan.
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This investigation sought detailed information on 
mineralogical, textural and chemical features of the sulphide 
mineralization and its volcanic host rocks in the Kangiara 
region of New South Wales (Figure 1-1). Field studies were 
complemented by petrographic study of thin and polished 
sections, major element and trace element chemical analyses 
(x-ray fluorescence and emission spectrography), x-ray 
diffraction analyses of primary and alteration minerals, 
electron microprobe analyses of major sulphide mineral 
phases, and sulphur isotope determinations. Data from these 
studies was used to elucidate the origin of the sulphide 
mineralization in the Kangiara region, as well as providing 
a basis for comparison with other similar mineralized regions 
in Australia and elsewhere in the world.
As a first phase of this investigation preliminary 
assessment of acid volcanic rocks and sulphide mineral 
deposits in the Lachlan Fold Belt (Figure 1-1) indicated 
that the Kangiara region exhibited less metamorphic and 
deformational changes than other volcanic regions of the 
belt. Detailed investigation of the Kangiara region could 
thus assist interpretation of features of sulphide mineral 
deposits in strongly deformed areas of the Lachlan Fold Belt.
The Kangiara deposits, probably because of their limited 
economic significance, have attracted only minor research
2.
Previous Geological Investigations
The earliest known record of geological work in the 
Kangiara region was that of Clarke (1860), who noted the 
discovery of Silurian fossils at Yass in 1851. Brown (1941) 
presented the first detailed geological map of the southern 
margin of the region and later (Browne, nee Brown, 1954) 
outlined a stratigraphic rock sequence of the region based 
essentially on the occurrence of non-volcanic rocks. Recent 
publications (Brunker and Offenberg, 1970; Link, 1971, 
unpub.; Crook et. a^. , 1973; Pogson and Baker, 1974 ; and 
Campbell, 1976) on the geology outside the area mapped by 
Browne (nee Brown, 1941, 1954) suggested that these non­
volcanic units are lenticular in nature and are often discontin­
uous .
A number of base-metal occurrences in the region (Figure 
1-2) have attracted the attention of mining companies. A 
geological outcrop map of the region was prepared by de 
Ferranti (1967, unpubl.). Several companies have since 
compiled outcrop maps around some of the base-metal mineral 
deposits, including Marie Corelli mine, Spion Kop mine and 
Red Hill copper mine (Figure 1-2).
Brown (1941, p.316) stated that the volcanic rocks were 
bedded tuffs which were probably deposited in a sedimentary 
environment, possibly with a very minor intrusive phase.
Campbell (1976), however, considered that these volcanic 
rocks were predominantly terrestrial dacitic and rhyodacitic
into their characteristics, mode of occurrence and ore
genesis.
pyroclastic rocks, with some flows and ignimbrites. Gilligan 
(1975a), using unpublished data, noted that the volcanic 
rocks were deposited in a very shallow marine to terrestrial 
environment, with the pyroclastic material and lavas being 
derived from a number of volcanic centres. These differences 
in opinion concerning the environment of deposition may be 
due to poor outcrop, field textural similarity of the acid 
volcanic rocks, and lack of whole rock chemical analyses.
Carne (1908) documented the occurrence of many of the 
sulphide base-metal deposits in the region, and provided 
details about their size, shape and production. Similarly, 
Felton (1975) listed data concerning some of these deposits, 
derived mainly from New South Wales Mines Department records 
and unpublished company reports.
McClatchie (1970, p.10) considered that the deposits of 
the Kangiara region were of a "copper in Silurian acid 
volcanic" type, but also noted that many silver-lead deposits 
were known in the region probably having the same origin as 
the copper bodies. In addition, McClatchie (1970) concluded 
that mineralization in the Kangiara region forms an ore type 
which is distinct from that which occurs at Captains Flat 
(Figure 1- 1 ).
The sulphide base-metal deposits within the Kangiara 
region were all considered by Felton e_t al_. ( 1975 ) to be 
vein type. Gilligan (1975a, pp.219-222) stated that most 
deposits consist of disseminated to massive base-metal 
sulphides "infilling" shears and fractures. The acid volcanic 
rocks were considered by Scheibner (quoted _in Markham,
1975a, p.321) to have formed in a "volcanic arch metallogenic
3 .
4.
unit". According to Markham (1975a) the Kangiara mine 
exemplifies mineralization in this type of unit. Felton et 
a l .  (1975, P .144) described several mines in the region —  
they classified Kangiara mine as "subvolcanic hydrothermal 
fissure joint fillings, formed close to a site of explosive 
volcanism with the source of the mineralization being the 
acid volcanic rocks themselves"; Wallah Wallah silver mine 
as "cleavage fillings"; and Mayfield copper mine as "a shear 
fill deposit with or without replacement of the host". This 
diversity of opinion indicates that detailed study of deposits 
is necessary to clarify their genesis.
Published and unpublished geological reports on the 
Kangiara region have, for the most part, dealt with the 
general geology. The publications of Felton et al. (1975) 
and Markham (1975a; 1975b) have offered suggestions as to 
environments of formation of the sulphide base-metal deposits. 
These suggestions have been largely based on field evalu­
ations with little opportunity or attempt to support their 
validity with detailed geochemical data.
FIGURE 1-1 General locality m a p . The ge o l o g y  of the
Kangiara region —  o u t l i n e d  by the rectangl 
is shown in Figure 1-2, and the ge o l o g y  in 
the immediate vicinity of K angiara in 
Figure I I I - l . The subd ivision of the 
Palaeozoic Lachlan Fold Belt is based on 
Scheibner (19 73; 197 5 ) .








Geology of the Kangiara region. Sites of 
the samples (from outcrop) which have been 
chemically analysed are shown, together 
with the location of the mineral deposits. 
Details of the area in the immediate vicinity 
of Kangiara —  outlined by rectangle —  are 
presented in Figure III-l. The regional 
geology is based on observations made 
during this present investigation, as well 
as the work of Browne (nee Brown, 1941;
1954), Pogson (1969, u npubl.), Link (1971, 
u npubl.) and Pogson and Baker (1974). The 
geology depicted in the southern portion of 
the region is essentially that of Browne 
(1941, 1954) and Link (1971, unpubl.).
The 1:100,000 topographic maps for Boorowa, 
Yass and Gunning were used as base maps.
6 .
gure 1-2 is in the back pocket
7.
CHAPTER II
METHODS OF INVESTIGATION 
Mapping and Sampling
Field observations for the Kangiara region were plotted 
onto aerial photographs and New South Wales Photomap series 
(Yass North and Boorowa South) at a scale of 1:50,000. The 
district surrounding the Kangiara mine was mapped using 
enlarged aerial photographs with scales of approximately 
1:5,250 and 1:8,525. These observations were combined with 
previously published data, mining company reports and maps, 
and the total magnetic intensity, radioactivity and Bouguer 
gravity sheets for the Goulburn area. All data was then 
used to draw the geological map of the region (Figure 1-2).
Approximately 1,500 specimens were collected from which 
411 polished sections and 209 thin sections were prepared. 
Total of 89 rock samples from 77 different sample sites were 
analysed for major elements and trace elements. (Of these 
89, 14 samples were obtained from diamond drill holes, 5 
from mine dumps and the remaining samples from surface 
exposures.) Care was taken to ensure that representative 
samples were taken from each outcrop sampled and as far as 
possible only unweathered rock, or rock exhibiting as little 
weathering as possible, was collected. Because all mines 
and prospects in the region (which number over 30) are now 
abandoned, with their underground workings inaccessible, 
most samples of sulphide mineralization were collected from 
mine dumps. Some sulphide mineral samples were obtained 
from diamond drill core. Sample numbers cited refer to
8.
University of Wollongong and Mineral Research Laboratories 
(M R L ), CSIRO. These samples are in the collection of the 
Department of Geology, University of Wollongong.
Sample Preparation
The 89 rock samples used for chemical analyses consisted 
of portions of rock up to 10kg in weight. Using an hydraulic 
press, each sample was reduced to chips of less than 6 cm x 
6 cm x 3 cm for feeding into a "WEDAG" jaw crusher. Size 
grading of the product from this crusher was 1 cm. By 
riffling an approximate 250 g sample was obtained which was 
further crushed using a "VAN GELDER" jaw crusher, to less 
than 0.5 cm diameter. By riffling again a subsample of 80 g 
to 100 g was selected, and this was ground in a tungsten 
carbide "SIEBTECHNIK" mill. Ground sample was then placed 
in a sterile plastic container ready for chemical analyses. 
Hesp and Rigby (1973b) found, using a similar technique and a 
tungsten carbide "SIEBTECHNIK" mill, that contamination by 
Fe, Co, W, Mn and Cr occurs. However, of these contaminants 
only Co and W are in concentrations which would affect the 
accuracy of the results.
The 46 samples for the 610 electron microprobe analyses 
were prepared as polished cylindrical blocks 25 mm in diameter 
and 6 mm deep. Preparation techniques have been outlined by 
Zeidler (1972).
Preparation of the 95 "pure" sulphide mineral separates 
for trace element analysis required that a detailed and 
precise method be followed. Separation involved the use of 
a Frantz Isodynamic separator, heavy liquid separation, acid 
leaching, and hand picking. Processes for the separation of
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pyrite are shown in a flow diagram (Figure ll-l). Sulphide 
minerals other than pyrite could normally be hand-picked, 
after preliminary concentration and crushing. Only in a few 
cases was it necessary to use a combination of magnetic and 
heavy liquid separation. Final acceptance of each sulphide 
concentrate was based on visual assessment of impurity 
content under a binocular microscope. Concentrates were 
acceptable when no metallic impurities were observed (it is 
assumed that they were at least 99% pure). Specimens were 
examined in polished section to identify possible contamin­
ants and to check for the presence of inclusions.
Chemical Analyses 
Whole Rock Analyses
Si, A 1 , total Fe, Mg, Ca, K, Ti, P and Mn were determined 
by x-ray fluorescence using a Siemens Spectrometer after 
fusion of the powdered rock sample with a lithium borate- 
lanthanum oxide mixture. (Norrish and Chappel, 1967;
Norrish and Hutton, 1969; Hutchison, 1974). X-ray fluor­
escence analyses were obtained via a digital PDP8/F computer, 
and edited using computer program "XRFEDIT" (Rigby, 1975).
All analyses were carried out in duplicate, with standard 
rocks "BCR-1" and "AGV-l" being analysed in each run to 
check the accuracy and reliability of the method. The
2a
precision percentages ( •=—  x 100) for the elements analysed, 
based on the average value of "AGV-l" and "BCR-1" analysed 
23 times were: A1 - 1.53%; Mg - 6.04%; K - 0.86%; Ca - 1.12%; 
Si - 0.95%; P - 4.29%; Ti - 2.69%; Mn - 5.79%; and Fe - 1.04%.
FeO was determined by titration against potassium 
dichromate. Method used was devised by J . A. Corbett and
1 0 .
FLOW DIAGRAM OF THE SEPARATION OF PYRITE
Figure II-l
ROCK SAMPLE
If pyrite > 0.4mm If pyrite < 0.4mm




Hand picked Frantz Isodynamic
pyrite grains Separator
If pyrite > 0.2mm If pyrite < 0.2mm









Concentrate checked under 
binocular microscope: 99% "pure".
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K. Mizon (pers. comm,, 1976), and is based on a combination 
of techniques of French and Adams (1972) and Lo-Sun Jen 
(1973). Sulphur was determined using a combustion idiometric 
technique on a "LECO" titrator, and sodium by atomic absorption 
spectroscopy. By drying the samples at 110°C, I^CK-) was 
determined. Simultaneous determination of total water and 
carbon dioxide was carried out at a temperature of 1050°C 
using a high temperature furnace. Method and equipment was 
similar to that described by Hutchison (1974, pp.361-362). 
Accuracy of FeO, Na^O, H20(-), H20( + ) and CC>2 analyses were 
checked using internal laboratory (CSIRO) rock standards, 
and in all cases precision percentages were at least 2%.
Minor and trace elements of the 89 rock samples were 
determined by optical emission spectrography. Two methods 
were used; a "1:1:1 method" (N. C. Morgan, p e r s . comm.,
1975) and "Tennant's method" (Tennant, 1967). As the matrix 
of each sample was slightly different from that of the 
reference standard, a buffered mixture was used.
For the "1:1:1 method" equal quantities of the samples 
(dried at 110°C), LiF and graphite were mixed using an agate 
mortar and pestle or a "WIG-L-BUG". For "Tennant's method" 
the samples were dried as previously in equal proportions 
with a buffer. This buffer was a 7:3:1 mixture of A ^ C ^ :  
CaC03 :K2C03 .
More than two spectra lines are available in most cases 
for each of the elements analysed, and all lines were used if 
interferences were caused by high concentrations of elements, 
such as Fe. The lines also varied with the amount of element 
present. The resulting spectra were compared visually, 
using a "JUDD-LEWIS" comparator, with standards prepared by
3 0009  0 3 1 8 4 6 6 0  8
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N. C. Morgan (Mineral Research Laboratories, North Ryde) 
from a synthetic blend arced in mixtures of the types used; 
either "1:1:1" or "Tennant's". A 1% base standard was first 
prepared and then successively diluted by a factor ofVTo" 
to give standards down to 1 ppm. Accuracy of the emission 
spectrographic analyses were tested by analysing standard 
rocks"Gl"and "G2" Most values obtained were close to the 
recommended values of these standard rocks, or at least 
within the range of values recorded for them by Fleischer 
(1969 ) .
The emission spectrographic technique used was accurate, 
but the element concentrations were determined by comparison 
with specific values which were dependent upon the base 
standard. Specific values were (in ppm) 1, 1.5, 2, 2.5, 3,
4, 6, 8, 10, 15, 20, 25, 30, 40, 60, 80, 100, 150, 200, 250, 
300, 400, 600, 800, 1000, 1500, 2000, 2500, 3000, 4000,
6000, 8000 and 1(%), and all concentrations were determined 
and recorded to the nearest specific value. Hence, the 
trace element analysis used was a semi-quantitative technique, 
with element concentrations determined accurately within an 
interval and recorded as a specific quantitative value to 
which the concentration of the sample was the nearest (note 
that at low concentrations the interval between values is 
small and that it progressively increases with higher 
concentrations).
Silicate Mineral Analyses
110 electron microprobe analyses of silicate minerals 
were carried out at the Research School of Earth Sciences, 
Australian National University (ANU). Instrument used was an
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electron microprobe (manufactured by Techsch Physische
Dienst TNO-TH, Delft, The Netherlands) fitted with a lithium-
drifted silicon x-ray detector (Ortec type). The spectrum
was recorded on a Northern Scientific NS710 multichannel
analyser. Standards (all synthetic, except the anortho-
clase) were as follows: K and Na ---  (Na, K)AlSi^0o ; Ca and
3 o
A1 ---  CaAl20 4 ; Si and Mn ---  MnSiC>3 ; Cr ---  Cr2C>3 ; Ti ---  Ti0 2 ;
Mg MgO; and Fe ---  Fe metal. Sodium vanadate was used
to determine the overlap of M g ^  by Na and K-rich, Ca-free 
glass for CaR  ̂ by . An accelerating voltage of 15 kv
and a probe current of 3 nA was used and the beam diameter 
was 3 microns. Each spectrum was recorded for a live time 
of 100 seconds. The integrated counts for the ten elements 
N a , Mg, A 1 , Si, K, Ca, Ti, C r , Mn, and Fe, together with the 
two background readings were read out and transferred to a 
computer which carried out instrumental and matrix correct­
ions (outlined by Reed and Ware, 1975), and printed out 
weight per cent oxide. Limit of detection was 0.1 percent 
major element and the relative error limit was - 2 percent 
major element (N. Ware, pers comm., 1975).
Sulphide Mineral Analyses
610 electron microprobe analyses were carried out on 4 
different sulphide mineral phases at both the Research 
School of Earth Sciences, ANU, and the Mineral Research 
Laboratories, CSIRO.
Analyses at ANU were completed using the same instrument 
and a similar method to that used for the silicates. Cu,
Fe, Zn, Mn, Co and Ni were analysed using pure metals as
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standards. For S, pyrite was used. An accelerating voltage 
of 20 kv and a probe current of 3 nA was used; beam diameter 
was 3 microns. Each spectrum was recorded for a live time 
of 60 seconds. Output was transferred, as before, to a 
computer which carried out instrumental and matrix corrections 
and printed out results in weight percent element.
Additional analyses were completed using a Cambridge 
Microscan electron microprobe at CSIRO. An accelerating 
voltage of 25 kv was used for all elements determined. The 
following standards were employed: pyrite, sphalerite or 
pure metal for Fe; pyrite or sphalerite for S; galena for 
Pb; sphalerite or pure metal for Zn; and pure metal for A g ,
Cu, As, Mn and C d . The computer program "PROBIT", (Ramsden, 
1976), incorporating the "MAGIC IV" program, was used for 
assembling and correcting the raw electron microprobe analysis 
data. Generation, absorption and fluorescence corrections 
were made following procedures outlined by Sweatman and Long 
(1969). Absorption coefficients were taken from Heinrich 
( 1966) .
Minor and trace element contents of the 95 separated 
sulphide minerals were determined by optical emission spectro- 
graphy using the methods described previously for the whole 
rock analyses. Due to the lack of available photographic 
plates for sulphide mineral standards, concentrations were 
estimated with the same plates used for the whole rocks.
Results of the spectrographic analyses of the sulphide 
minerals from various deposits in the Kangiara region are 
comparable to results obtained for the same deposits by 
Harris (1965, unpubl.). He used both atomic absorption and
15.
spectrographic techniques to determine trace element contents. 
Furthermore, Harris's (1965, unpubl.) samples were obtained 
from mineral collections of the Australian and Mines museums, 
Sydney. Some of these samples were originally obtained at 
the time the mines were in production and it is therefore 
reasonable to assume that they were representative of the 
mineral deposits. Similar results obtained with this present 
spectrographic technique indicate that it is a viable technique 
in the analysis of trace elements in sulphide minerals —  
and also the samples analysed in this present study are 
apparently representative of the mineralization of the 
various mines.
Six sulphide samples from the Kangiara mine were analysed 
by J.W. Smith (CSIRO) for the sulphur isotopic values of 
their coexisting minerals. These six samples were represent­
ative of five ore types recognizable in the Kangiara mineral­
ization. The analytical procedures adopted, using a "MICROMASS 
602" spectrometer with the 34S contents being reported 
relative to troilite from the Canyon Diablo (CD) meteorite, 
have been described elsewhere (Bailey and Smith, 1972, Smith
and Croxford, 1973; Both and Smith, 1975). Results are 
34expressed as 6 S in parts per mil where,
34 • o j6 S m  /oo
(34g/32g^ sampie - (34S/3^S) standard 
(34S/32S) standard
) x 1000
Analytical precision is - 0 1°/ oo for
t34n ,6 S values
Estimation of Mineral Percentage and Data Processing
Modal analyses were determined for all 89 chemically
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analysed rock samples by point counting using a James Swift 
Co. traversing stage and point counter. For most of the 
volcanic rocks studied an area of greater than 500 mm , a 
traverse spacing of 2 mm and a point spacing of 0.2 mm were 
used. Between 1,000 and 2,000 points were counted for each 
sample.
A qualitative estimate of the abundance of primary and 
alteration minerals was made from x-ray diffractograms on 
154 samples. Each powdered sample was run over the range 4° 
to 35° 20. The relative variation in the mineral abundance 
was estimated from variation in the peak heights of known 
strong reflections of each mineral. This technique is 
similar to that used by Ayres (1974).
Mesonorms were calculated for the 89 chemically analysed 
rocks following the procedure of Barth (1962) and Shaw 
(1969). Computer program "MESONORM" (Ramsden, 1974) was 
used which allowed for up to 24 "minerals" to be formed. CC^ 
was not used in the calculations and hornblende was calculated 
instead of actinolite (following Barth, 1959). CIPW norms 
were also determined using a computer program (Henley,
1972), based on Johannsen (1931) and Kelsey (1965).
The number of chemical analyses allowed a variety of 
statistical techniques to be employed for the interpretation 
of the data. These techniques included the determination of 
mean, standard deviation, correlation coefficients, R-mode 
and Q-mode factor analysis, sample classification (cluster 





In the vicinity of Kangiara a thick sequence of Silurian 
volcanic rocks, intercalated with limestones, sandstones and 
shales, occupies a broad north-north-west trending structure 
known as the Yass Syncline (Packham, 1969; Pogson, 1969, 
unpubl.). Regionally this forms part of the Cowra-Yass 
Synclinorial Zone within the Palaeozoic Lachlan Fold Belt of 
the Tasman Fold Belt System (Scheibner, 1973; 1975; and 
1976) (Figure 1-1).
The Tasman Fold Belt System of Scheibner (1975) extends 
along the Eastern Highlands of the Australian continent.
Lacy (1976, p.6) has observed that the Tasman Fold Belt 
System illustrated migration of a mobile belt with time, 
with resulting segmentation into several distinct components. 
Packham (1960) delineated two such segments in the southern 
part of the belt system; the Lachlan Fold Belt ("Lachlan 
Geosyncline") and the New England Fold Belt ("New England 
Geosyncline").
The Lachlan Fold Belt (Figure 1-1) crops out in central, 
western and southern New South Wales, as well as extending 
south into Victoria. Scheibner (1975) defined this fold 
belt as forming the basement of part of both the Great 
Australian Basin and the Murray Basin. Initiated in the 
Cambrian, the Lachlan Fold Belt persisted until the Devonian 
(Brown e t  al., 1968; Packham, 1969). It has been suggested 
(Scheibner, 1975) that most of the Lachlan Fold Belt originated
from a Palaeozoic pre-cratomc basin, which was accreted to 
the Precambrian Australian Craton. Stratigraphic studies 
indicate that during its formation the Lachlan Fold Belt was 
subjected to four main orogenic movements (Packham, 1969), 
and one localized movement (Crook et al. , 1973). Like many 
other fold belts, the Lachlan Fold Belt is internally composed 
of anticlinoral and synclinorial zones of which the Cowra- 
Yass Synclinorial Zone (Figure 1-1) is of interest to this 
present study.
The Cowra-Yass Synclinorial Zone is composed mainly of 
Middle to Late Silurian acid volcanic and sedimentary rocks, 
Early Devonian acid volcanic and sedimentary rocks, and 
minor igneous intrusions (Gilligan, 1975a).
Stratigraphy of the Kangiara Region
Geology of the Kangiara region within the Cowra-Yass 
Synclinor ial Zone is presented in Figure 1-2, and the strati­
graphic sequence is shown in Table 111-1.
Information on the reglona1 stratigraphy and structure 
has been derived from observations made during this present 
invest igat ion. In add it ion the study of Browne (nee Brown,
19 41 , 1954 ) , as well as the work of Pogson (1969 , unpubl.),
Link (1971, unpubl. ) and Pog son and Baker (1974 ) have been 
used. Add it ional sources were Shearsby (1912 ) , Mann (1921) , 
Sherrard (19 3 9 ) , Stevens (1954, unpubl.; 1956), Gibbons 
(1960 , unpubl.), de Ferranti (196 7, unpubl.), Hughes (1971, 
unpubl . ) , Link and Druce (19 7 2) , Crook e_t al. ( 1973 ) , Of f enberg 
(1974 ) , and Campbell (1976 ) . The broad features are summar­
ized on the Macquar ie 1 : 500 ,000 (Brunker e_t al. , 1970 ) and 













■H 3c oS Clo o
CQ
Eon, m -h 2 Ci tn o 
rfl O  Ci 
CQ X! O
o » aO T3 3 Cl C O O O Ci O CC O
Ci
C  ID &  
o c 3 -P Ci o -P o c rti U O K
o a
Cl 3  
3  O O Ci Q O
(S part of region) (W part of region)











US I Q j W X) 3 






(E part of region) 
Mundoonen
Sandstone
X  Q) Cl,
O tn 3ro a o
i—I ro 5*-i
CQ o ' o








The Douro Group is the dominant rock group within the 
Kangiara region and is the host for most of the sulphide 
mineralization.
Units Older than the Douro Group (Table III-l)
Oldest rocks of the region are the Late Ordovician 
Jerrawa Beds (Crook et al., 1973). These occur on the 
eastern margin (within the Molong-South Coast Anticlinorial 
Zone), and consist of siltstones, sandstones, greywackes, 
quartzites, slates and phyllites, usually intensely folded 
and faulted.
Restricted to the northern part of the Kangiara region 
the Kenyu Formation occurs along the margin of the Wyangala 
Batholith (Figure 1-2). Stevens (1954, unpubl.; 1956) 
described the Kenyu Formation as a unit of slates, banded 
siltstones and tuffs with some andesites and unfossiliferous 
limestone. No estimate of the thickness can be made as the 
formation is tightly folded. Trend of the beds is generally 
meridional.
On the eastern margin of the Kangiara region the Jerrawa 
Beds are overlain, with apparent unconformity, by the Mundoonen 
Sandstone, which in turn passes upward into the Hawkins 
Volcanics of the Douro Group. The Mundoonen Sandstone, as 
defined by Crook e t  al. (1973, p.124), consists of grey, 
medium- to fine-grained quartz greywacke, with subordinate 
grey shale interbeds. Thickness of the Mundoonen Sandstone 
is approximately 2800 m, it dips consistently to the west 
(Crook e t  al., 1973), and has an age not older than Middle 
Silurian (Hughes, 1971, unpubl.). South-east of Kangiara
21.
the Mundoonen Sandstone is more shaly than it is east of 
Yass (cf. Crook e_t cil •, 1973 ), with possible inclusion of 
tuffaceous units. The Mundoonen Sandstone disappears in the 
proximity of Rye Park due to faulting.
The unconformity between the Jerrawa Beds and the 
Mundoonen Sandstone is not exposed, but is inferred by the 
obvious marked discordance in dips between the two units. 
Further evidence for the unconformity is that the Mundoonen 
Sandstone is much less deformed than the Jerrawa Beds. The 
movement that caused this unconformity is known as the 
Benambran Orogeny.
Based on the observation that both the Mundoonen Sandstone 
and the Kenyu Formation are in part conformably underlying 
the Hawkins Volcanics it appears reasonable to assume that 
these two formations are lateral equivalents, with the age 
of both formations lying between Late Ordovician and Middle 
Silurian. They represent basal units of the Cowra-Yass 
Synclinorial Zone and mark the beginning of deposition on 
the Silurian Yass Shelf (Brown et al., 1968).
Douro Group
The Douro Group is divided into Hawkins Volcanics, Yass 
Sub-group and Willow Bridge Tuff (Table III-l).
The Hawkins Volcanics is the main rock formation exposed 
in the Kangiara region. It includes "No.l porphyry" and 
"No.2 porphyry" of Shearsby (1912) and the Hawkins and Douro 
"Series" of Brown (1941). Hughes (1971, unpubl.) showed 
that the Hawkins and Douro "Series" (Brown, 1941) probably 
comprise the one formation. Chemical and modal analyses of
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the volcanic rocks from Brown's (1941) Douro and Hawkins 
"Series" confirmed that the two "Series" are similar (Appendices 
2 and 3).
Main rock types of the Hawkins Volcanics are dacitic to 
rhyolitic pyroclastic rocks. In handspecimen they appear as 
coarse porphyritic volcanic rocks, typically with 30% to 50% 
coarse phenocryts of quartz and feldspar crystals and minor 
altered biotite and hornblende, in a fine grained blue-grey 
to greenish colour groundmass. A detailed description of 
the mineralogy and petrography of the Hawkins Volcanics is 
given in a following section. Generally the volcanic rocks 
appear massive, with minor brecciated and agglomeratic 
p a t c h e s — although rocks in the vicinity of Rye Park possess 
a metamorphic foliation due to local deformation. Bedding 
in the Hawkins Volcanic is poorly developed and consequently 
little is known of its structure. Thickness of the Hawkins 
Volcanics was suggested to be about 5000 m (Campbell, 1976, 
fig. 6), although near Yass, Brown (1941) estimated its 
thickness to be 1768 m.
A number of shale, sandstone and limestone units occur 
within the Hawkins Volcanics. They are of limited extent 
and lenticular in shape. The Bango Limestone Member (Pogson 
and Baker, 1974) consists of a lens of partly recrystallized 
limestone. It is parallel to the regional strike and is 
apparently conformable with the surrounding volcanic rocks.
The limestone is clean, white and contains a poorly preserved 
fauna dominated by tabulate corals and crinoidal debris. A 
number of shale lenses exist near the Bango Limestone Member 
(Figure 1-2). Hughes (1971, unpubl.) recognized a number of
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fossils, including a brachiopod-graptolite fauna in these 
lenses, and Crook et_ aJ. ( 1973) estimated their age as 
Middle Silurian. it is a matter of conjecture whether these 
shale lenses should be included within the Bango Limestone 
Member. It appears that both Browne (nee Brown, 1941, 1954) 
and Hughes (1971, unpubl.) considered the limestone and 
shale to be one sedimentary unit. Campbell (1976, p.5) 
placed the Bango Limestone Member and the shale lenses on 
different stratigraphic horizons within the Hawkins Volcanics. 
Pogson and Baker (1974, p.9) in defining the Bango Limestone 
Member, only referred to one limestone lens (in the Bango 
limestone quarry; Figure 1-2).
In addition to the Bango Limestone Member and nearby 
shale lenses other sedimentary lenses occur within the 
Hawkins Volcanics. Relationships of these sedimentary 
lenses with the volcanic rocks are uncertain, and they have 
not been given member status.
The Yass Sub-group (Table III-l) is synonymous with the 
Yass Beds of Jenkins (1878), Yass "Series" of Brown (1941), 
Yass Member (Brunker and Offenberg, 1970), and Yass Group of 
Link (1971, unpubl.). Two formations; the O ’Briens Creek 
Sandstone and the Cliftonwood Limestone, have been defined 
within the Yass Sub-group. In general the Yass Sub-group has 
poor surface exposure, and appears to grade laterally north 
into volcanic tuffs (Pogson, 1969, unpubl.). At the town of 
Yass the Yass Sub-group reaches a maximum thickness of 190 
m. The O'Briens Creek Sandstone conformably overlies the 
Hawkins Volcanics and consists of shallow-water crossbedded 
fine to coarse sandstone, with mudstone interbeds (Link and
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Druce, 1972). The succeeding Cliftonwood Limestone, Middle 
Silurian in age (Campbell, 1976), is a fossilferous blue- 
black argillaceous limestone interbedded with silty mudstones 
(Link and Druce, 1972).
The Willow Bridge Tuff is synonomous with the lower 
part of Brown's (1941) Laidlaw "Series", part of the Douro 
Volcanics (Brunker and Offenberg, 1970), "No. 3 porphyry" 
(Shearsby, 1912), and the Willow Bridge Tuff Member of the 
Laidlaw Formation of the Hattons Corner Group (Link, 1971, 
unpubl.). The Willow Bridge Tuff is identical to the Hawkins 
Volcanics, both in appearance and whole rock geochemistry 
(Appendix 2). The only difference is the position in relation 
to the Yass Sub-group which conformably separates the two 
pyroclastic formations only within the Yass area. The 
Willow Bridge Tuff is considered to be 274 m thick (Brown, 
1941, p.316) and to include partly reworked acid tuffs at 
its base (Campbell, 1976).
Units Younger than the Douro Group (Table III-l)
After the deposition of the Douro Group volcanic activity 
waned, with the resultant formation of a number of shale, 
mudstone, siltstone and limestone groups. These include the 
Hattons Corner Group (originally lagoonal reefal and fore- 
reefal sediment deposits), the Booroo Ponds Group (off-shore 
terrigenous "fines"), and the Barambogie Group (turbid itic 
siltstones and shallow water sandstones and mudstones) of 
Middle to Late Silurian age (Link, 1971, unpubl.).
The Bowning Group, Devonian in age, completes the 
stratigraphic sequence in the Yass Syncline. This group,
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exposed near Bowning (Figure 1-2), unconformably overlies 
the older groups. In the major structure to the west —  the 
Taemas Synclinorium —  outcrops the Devonian Black Range 
Group. Dacite to rhyolite rock units of both the Devonian 
Bowning and Black Range groups contrast with the older 
Silurian Hawkins Volcanics and Willow Bridge Tuff formations. 
Distinctive features of the younger volcanic rocks include 
an increase of groundmass; approximately 75 to 88 volume 
percent of rock, finer grainsize and a paucity of quartz 
phenocrysts (Appendix 3).
The Wyangala Batholith occurs in the far northern part 
of the region (Figure 1-2). Stevens (1954, unpubl.; 1956) 
found that this granite to granodiorite batholith is a 
composite intrusion, mainly concordant, though occasionally 
showing strongly discordant features. The stratigraphic 
evidence for the age of the Wyangala Batholith is vague as 
it only intrudes Late Ordovician to Middle Silurian rocks. 
Radiometric dating has indicated a Middle Devonian age 
(Evernden and Richards, 1962).
Several small intrusions near Rye Park and one previously 
unreported near Pudman Creek (Figure 1-2) consist of medium 
to coarse grained granodiorite. Chemical and modal analyses 
of representative samples are presented in Appendices 2 and 
3 respectively. As these granodiorites are intrusions 
within the Silurian Hawkins Volcanics, they can only be 
classed as post-Silurian in age.
Structure and Metamorphism of the Kangiara Region
Effects of the Late Ordovician-Early Silurian tectonic 
movements (the Benambran Orogeny) are shown by the
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irregular Jerrawa Beds-Mundoonen Sandstone contact. Campbell 
(1976) recognized evidence that the Ordovician sedimentary 
rocks underwent at least two deformations during this orogeny. 
Campbell (1976, p.5), referring to unpublished work for the 
area west of Jerrawa and south-east of Kangiara, stated that 
the Silurian Mundoonen Sandstone was deformed prior to the 
deposition of the Silurian Hawkins Volcanics, thus indicating 
an unconformity between them. This break corresponds to the 
Quidongan Orogeny, during Middle Silurian. Field observations 
of the exposed Mundoonen Sandstone-Hawk ins Volcanics contact 
east of Pudman Creek (Figure 1-2), however, showed that the 
two formations are conformable in the Pudman Creek area 
(although part of the contact is faulted). The Early 
Devonian Bowning Orogeny was named from Mt Bowning 
(near Bowning) where there is evidence of a series of small 
movements over a long period of time (Campbell, 1976).
The dominant structure of the Yass-Bowning area; the 
Yass Syncline, was probably formed in Middle Devonian times 
during the Tabberabberan Orogeny (Campbell, 1976). Form­
ations on the western limb of this structure are sometimes 
overturned, while those on the eastern limb seldom dip more 
than 40° to the west. Dips in massive volcanic units 
throughout the Kangiara region are difficult to determine 
and hence major structures have not been recognized in 
the northern part of the region.
Ordovician sedimentary rocks and Silurian volcanic and 
sedimentary rocks are separated by the Pudman Creek Fault 
(proposed name), a fault on the eastern margin of the region. 
Shearing in the Silurian volcanic rocks is pronounced towards 
this fault, although most volcanic rocks of the region are 
relatively unsheared and massive.
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Examination of ERTS satellite photographs of the Kangiara 
region revealed several structural features. It is apparent 
that the Kangiara region, dominated by the Hawkins Volcanics, 
exists in a broad NNW linear belt bounded by more rugged 
terrain on both sides. The Mundoonen Sandstone-Hawk ins 
Volcanics contact and the Hawkins Volcanic-Black Range Group 
contact are both apparent as major NNW linear trends on 
satellite photographs. These NNW lineations also correspond 
to the regional structural trend of the Cowra-Yass Synclin- 
orial Zone. Prominent NW-trending lineations represent, in 
part, cross faults. In the Rye Park-Pudman Creek area the 
intersection of these lineations coincides with the obvious 
lateral displacement of the Mundoonen Sandstone-Hawk ins 
Volcanics contact (see Figure 1-2).
The NW lineations which pass through the Rye Park- 
Pudman Creek area form a major zone, here termed the Rye Park 
Lineament (Figure 1-2). This lineament is subparallel to 
the Lachlan River Lineament (Scheibner and Stevens, 1974) 
north of the Kangiara region. Scheibner and Stevens (1974, 
p.17) have postulated that igneous activity and "metallogenic 
processes" are associated with the Lachlan River Lineament, 
which apparently controlled the location of several mineral 
deposits —  in particular "porphyry-copper-like" and molybdenum 
deposits. Like the Lachlan River Lineament, the Rye Park 
Lineament appears to control the location of the Rye Park 
igneous intrusions and tungsten and minor molybdenum mineral­
ization; and other skarn mineralization (Figure 1-2).
The Rye Park Lineament passes through two areas of 
recent earthquake disturbances; the Dalton-Gunning area
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(SE of Rye Park) and the Rye Park area (Figure 1-2) (Significant 
earth tremors occurred in 1934, 1949 and 1977). It may be 
that the Rye Park Lineament is related to these earthquake 
disturbances and hence is either a very young, or more 
likely a persistent, structural feature.
Throughout the region the metamorphic mineral assemblage 
present within the volcanic rocks is authigenic quartz + 
chlorite + sericite - albite - carbonates. In the vicinity 
of Rye Park actinolite makes its appearance, thus indicating 
a higher grade of regional metamorphism. The minerals 
prehnite and pumpellyite appear absent from the volcanic 
rocks. According to Smith's (1969) classification of regional 
burial metamorphism the bulk of the Kangiara region corresponds 
to Zone 1, while the Rye Park area is Zone 4; and Zone 2 and 
Zone 3 are absent.
Within the district from the Red Hill copper mine to 
Rye Park, and in an area several kilometres north of Boorowa 
(Figure 1-2), a number of bodies of iron-rich calc-silicate 
rocks (skarns or hornfelsic bodies) exist within the Hawkins 
Volcanics. Their metamorphic assemblages vary from talc + 
dolomite + calcite + magnetite - pyrite - chalcopyrite at
the Red Hill copper mine, to quartz + epidote + tremolite +
+ + . + + 
magnetite - scheelite - molybdenite - wolframite - cassiterite
at the Rye Park tungsten mine; and to tremolite + actinolite
(ferroactinolite) + andradite + epidote + hedenbergite +
magnetite - pyrite - pyrrhotite - chalcopyrite at the B520
prospect. There are, in addition to these assemblages, areas
of outcrop of monomineralic actinolite and andradite. Except
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for the tungsten mine at Rye Park there is no direct spatial 
relationship with igneous intrusions. The shape of the 
skarns, typified by the B520 prospect and the Red Hill 
copper mine, are lenticular and are completely enclosed 
within the extrusive pyroclastic rocks of the Hawkins Volcanics. 
Apart from epidote alteration, the contact between the 
hornfelsic bodies and the enclosing volcanic rocks is sharp 
and distinct. Most of the hornfelsic bodies could be defined 
as infiltation skarns" (Reverdatto, 1970, p.221), occurring 
at considerable distances from known intrusive bodies.
Capping many of these skarns are gossans, with limonitic, 
manganiferous, hematitic and siliceous types having been • 
recognized.
Mineralogy and Petrography of the Hawkins Volcanics
The Hawkins Volcanics are composed principally of 
pyroclastic rocks, varying from dacite to rhyolite in major 
element composition, averaging a rhyodacite (Table III-2)
(cf. Le Maitre, 1976). Typical samples contain abundant 
coarse euhedral to anhedral phenocrysts which rarely exceed 
the percentage of groundmass. Due to an indeterminate 
groundmass of cryptocrystalline devitrified glass or micro­
crystalline quartz and feldspar difficulties are encountered 
in differentiating some samples as either dacite, rhyodacite 
or rhyolite strictly on petrographic grounds. Some samples 
are pheno-dacite (Streckeisen, 1967, p.178), where plagio- 
clase phenocrysts exceed alkali feldspar phenocrysts (but in
Table III-2
Major Element Composition of the Hawkins Volcanics 
(in weight %)
Oxide Mean Range a C.V.
Si02 67.40 59.67 - 71.54 2.17 3.22
Ti02 0.59 0.41 - 0.83 0.08 13.56
Al 2 0 3 14.43 13.13 - 17.65 0.75 5.20
F e 20 3 1.55 0.69 - 2.73 0.53 34.19
FeO 2.79 1.59 - 4.80 0.64 22.94
MnO 0.06 0.00 - 0.11 0.03 50.00
MgO 2.01 1.23 - 5.06 0 i l l 38.31
CaO 1.67 0.16 - 3.67 0.98 58.68
N a 20 2.45 0.93 - 5.05 0.81 33.06




M 0.10 0.06 - 0.15 0.02 20.00
h 20(+) 2.10 0.86 - 4.82 0.64 30.48
h 20(-) 0.36 0.12 - 0.56 0.11 30.56
CO 2 0.24 .04 - 0.65 0.15 62.50
Total 99.80
N o t e :
Number of samples = 43
a = standard deviation
C.V. = coefficient of variation
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terms of normative minerals are clearly rhyolites— for 
example, sample number 7052). Use of normative mineral 
classification follows the remarks of Streckeisen ( 1967 , p p . 
177—178), who stated that where a complete modal mineral 
composition cannot be determined (as with the indeterminate 
groundmass of these samples) chemical analyses should be 
taken into account in naming the volcanic rock, and the 
"probable mode"; such as mesonorms (Ramsden, 1974), be 
calculated. The classification of the Hawkins Volcanics 
based on the observed mineral content (point counting) is 
presented in Appendix 3, while classification based on 
chemistry is discussed in a following section.
Over 200 thin sections of volcanic rocks have been 
examined and the most noteworthy feature is the petrographic 
uniformity of the volcanic rocks of the Kangiara region. In 
general terms, however, the Hawkins Volcanics can be 
arbitrarily divided into "unaltered" and "altered" volcanic 
rocks (discussed later).
All volcanic rocks of the Hawkins Volcanics contain 
quartz phenocrysts and variable amounts of alkali feldspar 
and plagioclase. The "unaltered" volcanic rocks normally 
contain plagioclase phenocrysts in excess of alkali feldspar 
phenocrysts. In the vicinity of the Kangiara mine (and 
several other sulphide mineral localities, such as Marie 
Corelli and Spion K o p ) , the reverse occurs where alkali 
feldspar phenocrysts exceed plagioclase phenocrysts. This 
could indicate a "more acid phase" of volcanism. The "altered"
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volcanic rocks are characterized by, among other features, 
the introduction of secondary quartz, the extensive alter­
ation of feldspars to sericite and clay minerals, and the 
extensive development of chlorite.
Clear quartz phenocrysts are numerous within the volcanic 
rocks typically varying in size from 0.05 mm to 2 mm, occasion­
ally up to 5 mm diameter. Shape of these phenocrysts varies 
from bipyramids, to angular—  with corroded or embayed edges 
common (Plate 3 A ) . The percentage of quartz phenocrysts 
varies from 3% to 48%, normally approximately 20%. Smaller 
angular crystal fragments of quartz (less than 0.05 mm) are 
also present (Plate 2 A ) . Quartz is present within the 
groundmass either as very fine grained crystals or associated 
with spherulites. Point count data (Appendix 3) shows that 
the contents of quartz in the volcanic rocks are uniform. 
However, a noticeable increase, due to secondary quartz in 
the form of veins, recrystallized groundmass and the alter­
ation product of feldspar, occurs within the "altered" volcanic 
rocks. Except in the Rye Park - Pudman Creek area, pheno­
crysts are occasionally shattered, and rarely do they possess 
undulose extinction. Alignment of quartz crystal fragments 
and grains in some samples suggests a "flow banding" or 
fluidal fabric.
Alkali feldspar phenocrysts, varying from clear to 
cloudy in appearance, show good crystal outlines, and only 
occasional corrosion and embayments (Plates 3B and 3C). Angular
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crystal fragments are sometimes present. Twinning follows 
the Carlsbad law. Normally less than 10 modal per cent of 
the volcanic rocks are alkali feldspar phenocrysts, although 
up to 25 modal per cent have been observed in volcanic rocks 
near the Kangiara mine. The alkali feldspar mineral is 
sanidine, but orthoclase can be present. Alkali feldspar 
can be extremely abundant within the groundmass as fine 
grained crystals or as spherulites (Plate 3D). Smith (1974, 
p.582) stated that spherulitic textures between alkali 
feldspar and quartz (cristobalite ?) results from the 
devitrification of rhyolite glasses. Alkali feldspars in 
some samples associated with the Kangiara mineralization 
replace plagioclase and can represent up to 6 modal per 
cent of the rock. Within the regional volcanic rocks 
alkali feldspar replaces plagioclase only on a minor 
scale. This alteration is attributed to K-metasomatism 
(S m i t h , 1974) .
Plagioclase occurs as phenocrysts; euhedral to angular 
in shape, and as fine grained crystals within the groundmass 
(Plate 2B). Like quartz and alkali feldspar some plagioclase 
phenocrysts are corroded and embayed. Primary plagioclase 
showing albite twinning varies in composition from oligoclase 
to andesine. Twinning according to the Carlsbad law is also 
present, although pericline twinning is rare. Plagioclase 
predominates among the phenocrysts within most of the volcanic 
rocks, ranging up to 25 modal per cent of the rock. Many 
phenocrysts show zonal structures (Plate 3E), possibly with 
a more calcic portion forming the centres as suggested by
carbonate alteration minerals in the central portion of some
PLATE 3
Photomicrographs (transmitted light, all crossed nicols)
illustrating textures of the Hawkins Volcanics (quartz - qtz
alkali feldspar - alk. fs.; plagioclase - plag.).
(A) Quartz phenocryst with corroded edges. Sample number 
7049.
(B) Large alkali feldspar grain with a partly corroded edge 
Sample number 7958.
(C) Alkali feldspar (showing simple twinning) and quartz 
within a fine grained groundmass. Sample number 7962.
(D) Spherulitic crystallization within groundmass. Sample 
number 7052.
(E) Zoned plagioclase phenocryst. Sample number 6943.
(F) Plagioclase phenocryst illustrating alteration to 
sericite. Sample number 7959.
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phenocrysts. Authigenic albite can occur within the ground- 
mass, replacing glass shards (?), and by metasomatism of 
earlier plagioclase phenocrysts. Na-metasomatism of alkali 
feldspar,on a scale, has apparently occurred —  as
indicated by rare alkali feldspar phenocrysts partly albitized. 
The most predominant petrographic feature of plagioclase is 
the incipient alteration. Alteration products of plagioclase 
observed include quartz, carbonates, albite, alkali feldspar, 
chlorite, epidote, K-rich mica and clay minerals (Plate 3F).
The fine-grained K-rich mica is probably sericite, although 
difficulties are encountered in distinguishing kaolinite 
from sericite inclusions petrographically (most specimens 
probably are the K-bearing mica).
The principal primary ferrogmagnesian minerals are 
biotite and hornblende with a large percentage having been 
completely altered to chlorite and the opaque oxide, magnetite 
(Plate 2C). Relict lath-shaped biotite phenocrysts, brown 
to reddish brown in colour, range from a trace amount to 5 
modal per cent. Some of the relict and altered biotite is 
bent and crumpled (Plate 4A). In addition to magnetite, 
altered biotite occasionally contains needles of rutile.
The relict hornblende phenocrysts, varying from a trace 
amount to 2 modal per cent, have a green or green brown 
colour. Both the altered biotite and hornblende phenocrysts 
have corroded borders framed by secondary magnetite (Plate 
4B), suggesting magmatic resorption (Johannsen, 1932).
Sericite is a common secondary alteration mineral 
throughout the volcanic phases of the Hawkins Volcanics.
PLATE 4
Photomicrographs (transmitted light) illustrating textures 
of the Hawkins Volcanics (quartz - qtz.; biotite - bio.? 
apatite - ap.? glass shard - sh.).
(A) Relict biotite grain bent around a quartz phenocryst. 
Sample number 6993. Crossed nicols.
(B) Biotite framed with secondary magnetite, and containing 
a zircon grain with radioactive halo. Sample number 
7960. Uncrossed nicols.
(C) Apatite grain within a fine grained groundmass. The 
edges of the grain have been partly rimmed by chlorite(?) . 
Sample number 7055. Uncrossed nicols.
(D) Welded ash-flow tuff showing compaction of glass shards 
(in centre of view). Sample number 7961. Crossed 
nicols.
(E) Welded ash-flow tuff. Sample number 7957. Uncrossed 
nicols.
(F) Poorly welded ash-flow tuff. Sample number 7963.
Uncrossed nicols.
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The content tends to be variable and can range from less 
than 1 modal per cent to up to 24 modal per cent in rocks 
subjected to wall-rock alteration. Sericite is normally an 
alteration product of feldspar, with alkali feldspar less 
susceptible than plagioclase — and occasionally of chlorite.
In samples which have been subjected to extreme alteration, 
all the feldspar and a large proportion of the chlorite have 
been completely replaced by sericite. Sericite occurs 
abundantly within the groundmass of volcanic rocks near Rye 
Park delineating a foliation, probably due to dynamometa- 
morphism.
The greenish appearance of the volcanic rocks is due to 
chlorite, which is principally present as pseudomorphs after 
biotite and hornblende, and within the groundmass. It is 
also an alteration product of feldspar, and infills amygdules. 
Most chlorite is green in colour, is associated with magnetite, 
and contains inclusions of zircon (Plate 2D) and sometimes 
epidote. Pleochroic haloes in the chlorite are common 
around zircon crystals. The chlorite varies from flake-like 
to vermicular to an oolitic cellophane appearance. Chlorite 
tends to constitute variable proportions of the rocks, 
probably dependent on several factors —  including the original 
percentage of ferromagnesian minerals, and the type and 
extent of wall-rock alteration adjacent to sulphide mineral­
ization. Modal analysis indicates 3 to 12 modal per cent of 
distinguishable chlorite in most of the "unaltered" volcanic 
rocks. Within silicified wall-rocks chlorite can be absent, 
while adjacent to the Kangiara mine chlorite constitutes up
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to 48 modal per cent of the rock. Chemical analyses of 
chlorite (Appendix 4) from two of the regional volcanic 
rocks (7031 and 7048) show that they are Fe-chlorites 
(Lapham, 1958) or a FeMg-chlorite as defined by Shirozu 
(1974). The chemistry of chlorites associated with sulphide 
mineralization and within volcanic rocks in the vicinity of 
Kangiara will be discussed later.
Epidote (including clinozoisite) occurs within some of 
the regional volcanic rocks as a secondary mineral derived 
from feldspar, biotite and possibly hornblende. When present 
it varies from a trace amount to 2 modal per cent. Epidote 
occurs as euhedral crystals and columnar aggregates (Plate 
2B). Volcanic rocks near the skarn mineralization N and NE 
of Kangiara contain appreciably more epidote than near 
Kangiara, possibly having formed from saussuritization of 
plag ioclase.
Apatite is common and very widely distributed but only 
in small amounts. It is present as single tabular crystals 
within the groundmass (Plate 4C), rarely in clusters. 
Carbonate (calcite) occurs in small amounts within the 
groundmass of some samples, occasionally having partially 
replaced plagioclase. It is sometimes associated with 
chlorite. Adjacent to the Kangiara mine there is an alter­
ation zone characterized by the development of kaolini te 
(confirmed by X R D ) . Within volcanic rocks of this zone 
kaolinite has partially to completely replaced both the 
felsic groundmass and feldspar phenocrysts. The main iron 
oxide mineral present in the Hawkins Volcanics is magnetite,
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which is predominantly an alteration product of the ferro- 
magnesian minerals. Within highly altered samples magnetite 
is replaced by hematite. In a few samples sphene and pyrite 
is associated with chlorite. Pyrite and other sulphide 
minerals are normally present in variable amounts within 
quartz veins adjacent to sulphide mineral deposits.
Authigenic actinolite, present in volcanic rocks near Rye 
Park, occurs associated with chlorite in prismatic crystals. 
Appearance of authigenic actinolite defines Zone 4 of Smith's 
(1969) burial metamorphism classification. The amygdules 
present in the rocks are normally filled with chlorite, 
although in one sample (7074) an amygdule also contained 
fluorite.
The tuffaceous nature of the Hawkins Volcanics is 
illustrated by crystal fragments, mainly quartz (Plate 2 A ) , 
occurring in all samples examined under the microscope. In 
addition glass shards (Plate 4 D ) , and rock and pumiceous 
fragments are sometimes present in the volcanic rocks and 
are extremely abundant near Kangiara. The presence of these 
components, together with a fluidal fabric (Plate 4E and 4F) 
tends to show that the Hawkins Volcanics are ash-flow tuffs 
(Smith, I960; Ross and Smith, 1961) or an ignimbritic sequence 
(discussed in Chapter VIII).
Distribution of the Sulphide Mineralization in the 
Kangiara Region
The most significant sulphide base—metal mineralization
of the Kangiara region occurs in the Hawkins Volcanics at
the Kangiara mine. It is characterized by massive, dissem­
inated and vein-type ores. In addition, disseminated and 
vein-type sulphide mineral accumulations, similar to the 
Kangiara mine, are common throughout the volcanic rocks near 
Kangiara (Figure III-l). Away from the village of Kangiara, 
but still within the Hawkins Volcanics, other sulphide
base metal deposits occur ---  for example the Spion Kop and
the Marie Corelli mines. These accumulations bear strong 
resemblance with the Kangiara mineralization.
Disseminated copper, lead and zinc mineralization 
occurs at the contact between the Hawkins Volcanics and the 
Mundoonen Sandstone SE of Kangiara. This occurrence is 
termed Rays prospect and it possesses some, but not all, 
features similar to the deposits in the vicinity of Kangiara 
For example, one distinctive feature is the presence of 
pyrrhotite.
Of limited size and occurrence is mineralization within 
limestone units of the region. Several prospects and mines 
occur within a basal limestone member of the Hattons Corner 
Group near the contact with the Willow Bridge Tuff. These 
include lead and copper mineralization at the Humewood mine 
and lead mineralization at Belle Vale silver mine, as well 
as several unnamed prospects. Lead and zinc accumulations 
are also present within a limestone lens of the Hawkins
Volcanics at Pudman Creek.
The iron calc-silicate skarns or hornfelsic bodies 
which have developed in the Hawkins Volcanics to the north 
and north-east of Kangiara are sparsely mineralized in
38 .
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respect of copper and contain a trace amount of lead and 
zinc. This mineralization is generally of a small size, 
although a moderate tonnage (3.5 million tonnes) has 
been inferred at the Red Hill copper mine (Patterson,
1971, u npubl.). Capping many of these skarns are leached 
gossanous outcrops. In terms of sulphide mineralogy 
and associated gangue minerals these skarns represent 
distinct mineralization within the region, with magnetite, 
pyrite and/or pyrrhotite being the dominant iron minerals.
Just east of Rye Park (within the Jerrawa Beds) lead, 
zinc and silver and arsenic mineralization occur at the 
Wallah Wallah silver mine. This occurrence contrasts markedly 
with all others in the region and appears to have no relation­
ship with volcanic activity. The presence of an arsenic 
sulphide (in such large amounts) is unusual for sulphide 
mineral occurrences in the region. Because it is so 
distinctively different only a limited amount of research 
was undertaken at Wallah Wallah principally for comparison 
with sulphide mineralization in the volcanic rocks of the 
Hawkins Volcanics.
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FIGURE IIl-l Geology of the area around the Kangiara
mine. Only sample sites (from outcrop) 
near Kangiara which have been referred to 
in the text are shown. The base map was 
an (enlarged) aerial photograph, scale 
1:8,525, with control from the Yass 1:100,000 
topographic map.
Note: Figure III-l is in the back pocket
CHAPTER IV
FEATURES OF THE KANGIARA MINERALIZATION 
Introduction
Several sulphide mines have been worked in the Kangiara 
district (Figure III-l), the Kangiara mine being the largest 
and most significant of the group. Mining operations at the 
Kangiara mine commenced in 1902, the most productive period 
being from 1909 to 1920. The deposit was initially worked 
by open cut techniques (apparently mining the gossan for its 
gold content?), but was later developed underground from a 
main shaft 126 m deep, on four levels approximately 30 m 
apart. About 40,600 tonnes of ore were obtained during the 
period of production, yielding average values of 3% Cu, 16% 
Pb, 279 g/t A g , 2.0 g/t Au, and a total of 485 tonnes of Zn 
(New South Wales Department of Mines Records).
There is a paucity of information concerning other 
mines in the group. However, it is believed they only 
produced a limited tonnage of ore at approximately the same 
time that the Kangiara mine was in production.
Geology Around Kangiara
Geology of the district in the vicinity of Kangiara is 
shown in Figure III-l.







fine grained tuff; and
5. coarse grained pyroclastic rocks.
Further subdivisions of the coarse grained pyroclastic rocks 
have been made. They are:
a. green-grey tuff;
b. pale grey-green tuff containing 
orange-pink coloured K-feldspar phenocrysts; 
and
c. pale grey-white tuff.
These types and sub-types were differentiated in the field 
on colour, grain size, mineralogy and texture. There is, 
however, overlap in many of their mineralogical features. 
Conversely differences can occur within the same rock type 
due to alteration. Some alteration types form distinct ; 
zones which can be recognized and mapped in the field. A 
description of the rock types is presented in Table IV-1, 
with Table IV-2 listing their average modal compositions.
A series of plunging folds dominates the structure of 
the Kangiara district (Figure III-l). This structure was 
determined from the distribution of rock types and bedding 
plane measurements. The area around Kangiara contains 
volcanic rocks which are massive and lack metamorphic foli­
ation. The mineralization in the district appears to have 
no relationship with shearing, although minor slickensides 
have been observed. Figure IV-1 is a plot of 174 joint 
orientations in the vicinity of the Kangiara mine. The 
major and secondary joint directions (010° to 019° and 
134° respectively) are not parallel to the line of lode
Table IV-1 Rock Types in the Kangiara Area






Rock F r a g m e n t s P h e n o c r y s t s G r o u n d m a s s
C h l o r i t i z a t i o n ; 
occurs at 
Kangiara mine.
Up to 30mm, chlor. 
r i c h .
Qtz. & plag.; plag. 
partly altered 
to s e r ., c h l o r .




recryst. A c c e s ­





Up to 40mm, qtz. 
& feld. rich.
Q t z . & altered 
plag.
Cryptocryst. to 








Lap i  H i P h e n o c r y  sts G r o u n d m a s s
Typically fiamme 
s t r u c t u r e .
Py. crystals occur 
in both lapilli & 
g r o u n d m a s s .
Two types —  chlor. 
s e r . , q t z . & hem. 
rich, & q t z . & 
feld. rich.
E . g . 's of c h l o r . 
-rich bombs over 
60mm.
Qtz., feld. and 
chlor. pseudo- 
morphs after 
F e M g - m i n e r a l s .
Aphanitic; qtz. 
(partly recryst.) 
c h l o r ., s e r . & 
feld.
Accessories - 
m t . , apatite, 




P h e n o c r y  s t G r o u n d m a s s
Alignment of cryst. 
frag. & glass 
shards (?) resemb­
ling flow structure.
Qtz., feld. & chlor. 
biotite;K-feld. is 
sanidine & like qtz. has 
"corroded" outline.
Relict plag. is oligoclase 
to andesine.
Aphanitic; qtz., feld., ser. 
& glass s h a r d s (?). Amyg- 
dules —  up to 3mm, infil­
led with chalc. &/or chlor 
Access. —  apatite, zircon, 
& mt. ; nut• occasionally 
altered to hem.
Table IV-1 (Cont.) Rock Types in the Kangiara Area











Qtz, up to 2mm —  corroded 
outline, relict euhedral 
outlines, or angular 
cryst. frag. K-feld. up 
to 1mm — partly altered 
to ser. & chlor. Rare 
biotite(?) altered to 
chlor.
Aphanitic; qtz., feld. & 
mica. Access. - apatite, 
zircon, Fe oxides & 
sulphides.
Silicification. 













Qtz.up to 5mm —  clear or 
faintly smoky, rounded to 
euhedral, corroded or 
embayed, some fractured,
& some have ser. inclu­
sions. K-feld. up to 3mm 
— sub-angular to sub­
rounded , part ly altered 
to ser., occasionally 
epidote; relict plag. —  
An2 o-Ani*o, alteration 
products include ser., 
kaol., carb., qtz. albite 
& K-feld. Chlor. 
pseudomorphs up to 1.5mm 
after FeMg-minerals.
Cryptocryst. to mic.ro- 





subdivisions based on 
the groundmass comp.—  
results in different 
rock colours; devitri- 
fied glass shards. 
Alignment of cryst. 




Table IV-2 Average modal composition of rock types at
Kangiara (volume %)
1 2 3 4 5 6 7 8
Quartz 22 36 12 14 32 19 29 27
K-feldspar 21 6 4 2 5 7 16 22
Plag ioclase 1 3 <1 10 <1 10 3 3
Biotite - - - - - 2 - -
Hornblende - - - - - - <1 -
Epidote - - - - - - - -
Chlorite 15 1 2 2 - 9 3 <1 ,
Sericite/Kaolinite 4 14 7 8 2 5 8 3
Carbonates - - - <1 - <1 - <1
Opaque Minerals 1 - 1 2 1 <1 1 -
Accessories <1 - <1 <1 <1 <1 <1 <1
Groundmass 36 41 73 62 60 46 40 45
1. Volcanic breccia —  dark green to black —  chloritized 
(7011-7014)
2. Volcanic breccia —  creamy white to brown —  argillized 
(7019)
3. Lapilli tuff (7020)
4. Tufflava (7004 and 7006)
5. Fine grained tuff —  silicified (7022 and 7023)
6. Coarse grained tuff — green-grey (7005 and 7007-7010)
7. Coarse grained tuff — pale grey-green (7002 , 7003 and 7021 )
8. Coarse grained tuff — pale grey-white (7001)
FIGURE IV-1 Joint orientations near the Kangiara mine
The line of lode for the Kangiara mine is 
not parallel to any major joint direction 
Number of joints measured: 174.
45.
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(approximately 000°; Carne, 1908), but the major joint 
direction is parallel to a small fault just to the west 
of the Kangiara mine, containing barren quartz veining.
A fault just north of the Kangiara mine apparently truncates 
the line of lode of the mineralization. Due to the limited 
outcrop neither the type of fault nor the distance of 
displacement could be determined.
Sulphide Mineralization Around Kangiara
The orebody at the Kangiara mine was associated with a 
volcanic breccia, was said to have been lenticular in 
shape (Lloyd, 1951, unpubl.), and varied from less than 0.3 
m to 3.7 m in width (average approximately 1.2 m). Its 
known length was 137 m (Lloyd, 1951, unpubl.). It is not 
clear whether the Kangiara deposit consisted of two separate 
lenses of ore, or of two lenses which coalesced into one 
south of the main shaft. North of the main shaft two separate 
lenses have been worked, but south of the main shaft mining 
was confined to a single lens.
Two types of ore were produced from the Kangiara mine. 
These were:
1. a lead ore containing 20% to 30% Pb, with 558 g/t 
to 837 g/t Ag, and 7.7 g/t Au; and
2. a copper ore containing 8% to 12% Cu, with 140 g/t 
Ag and 4.6 g/t A u .
Old mine plans show that north of the main shaft the "eastern 
lode" consisted of the lead ore, apparently overlying the 
"main lode" containing the copper ore.
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Based upon field evidence, the Kangiara mineralization is 
conformable with the enclosing volcanic rock sequence. This 
conformability and its lenticular shape (Lloyd, 1951, unpubl.) 
indicates that the Kangiara deposit is a massive stratiform 
(Canavan, 1973) sulphide deposit, though of a limited tonnage.
Shafts of the Kangiara Blocks, Great Southern, Mount 
Price, White Flag and Triangle mines are sited in a line 
along the western bank of the Boorowa River (Figure III-l). 
These mines (except White Flag), together with French Lead 
and Clan MacKenzie mine, occur within a silicified fine 
grained tuff. Abundant quartz veining (with trace pyrite 
and chalcopyrite) in the silicified fine grained tuff is 
representative of these mineral deposits —  except the 
Triangle mine which, has quartz veins containing pyrite, 
chalcopyrite, galena and sphalerite. The southern shaft of 
the White Flag mine occurs at the contact of a lapilli tuff 
lens and an overlying coarse grained pyroclastic rock, while 
the northern shaft occurs wholly within the coarse grained 
pyroclastic rock. The White Flag mineralization contains 
abundant galena and sphalerite, which infills the matrix 
around tuff fragments (up to 30 mm across) and thus contrasts 
with the underlying copper-rich mineralization.
Other mineralization in the district (including the 
Democrat mine), present within the coarse grained pyroclastic 
rocks, is dominated by galena veins and is accompanied by 
sericitization and/or silicification.
Mineragraphy
Four distinctive types of mineralization are recognizable 
at the Kangiara mine. These can be distinguished on the
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basis of textural characteristics visible in hand specimen.
The four types are:




Both the massive and the fragmental ores can be further 
subdivided on the basis of their mineral constituents into:
A. galena-sphalerite ore;
B. chalcopyrite ore; and
C. pyrite ore.
It is probable that type A represents the lead ore which is 
recorded by the New South Wales Mines Department and that 
type B represents the copper ore.
The massive galena-sphalerite ore consists predominantly 
of sphalerite or galena intergrown with the other phase 
(depending on which is the major mineral). Often a "banded" 
texture is visible, due to alternating layers rich in sphalerite 
or galena or, occasionally, pyrite. Small-scale fold struct­
ures occur in the banded ore (Plate 5 A ) . The fragmental 
galena-sphalerite ore is composed of rounded to subangular 
fragments of massive galena-sphalerite ore dispersed in a 
"matrix" of either quartz or galena, generally containing 
dispersed pyrite (Plate 5 B ) . Occasionally these fragments * 
a r e  arranged in a manner resembling graded bedding.
Samples of massive chalcopyrite contain quartz gangue, 
or rarely chlorite. Banded texture, similar to that in the
PLATE 5
Photographs of the Kangiara mineralization showing textural
appearances (galena - g l ; sphalerite - sp; pyrite - py;
chalcopyrite - c p ) .
(A) Alternating layers of galena and sphalerite.
(B) Fragments of sphalerite set in a quartz- and galena- 
rich m atrix.
(C) Alternating layers of pyrite, chalcopyrite and sphaler­
ite depicting a fold structure.
(D) Fragments of sphalerite (dark) within a matrix of 
chalcopyrite, pyrite and qua r t z .
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galena-sphalerite ore occurs, but in the chalcopyrite it is 
expressed as layers alternately rich in chalcopyrite, pyrite 
and sphalerite (Plate 5C )• Fragmental chalcopyrite ore 
consists of fragments of chalcopyrite and sphalerite, set in 
a groundmass rich in pyrite and quartz. The sphalerite 
fragments are generally rounded, angular, or tabular in 
form, but the chalcopyrite is generally angular (Plate 5D) .
As with the galena-sphalerite ore features similar to graded 
bedding and imbricate structures (of tabular masses of 
sphalerite) are present in some samples.
Pyritic ore consists of abundant pyrite grains commonly 
dispersed in a chalcopyrite and quartz matrix. Only a minor 
amount of galena is associated with this ore type.
There is a variety of disseminated ores, depending upon 
whether pyrite, chalcopyrite, or sphalerite is the dominant 
mineral. Disseminated sphalerite and chalcopyrite are 
dominant in the samples examined, but it is not known to 
what extent this reflects original proportions within the 
deposit.
Vein-type mineralization, as its name implies, is 
characterized by a variety of sulphide veins, commonly 
associated with quartz gangue, and less commonly with calcite. 
The mineralized zone intersected by a diamond drill hole 
adjacent and underlying the old mine workings, consists 
of this type of mineralization.
The sulphide minerals which have been recognized in 
polished section are: 
pyrite;














The gangue commonly includes quartz, barite, calcite, and 
the host rock, including patches of chlorite and rare sericite. 
Goethite, malachite, azurite and cerussite occur in oxidized 
mine dump samples.
Pyrite is the most widespread sulphide mineral in all 
types of mineralization. It usually occurs in four different 
modes, idiomorphic crystals, angular fragments, rounded 
clusters, and dendritic masses. Most commonly it occurs as 
isolated euhedral crystals varying in size from 0.01 mm to 
0.4 mm set in either sphalerite, quartz, galena or chalco- 
pyrite. Some grains of pyrite have been fractured and 
infilled with chalcopyrite, galena, or both.
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Rounded clusters of pyrite possessing a saccharoidal 
texture (Whitten and Brooks, 1972) occur up to 7 mm in 
diameter, but averaging 0.2 mm. Occasionally these have 
been fractured and either galena or chalcopyrite fills the 
cracks. This occurrence may represent an augen structure 
(Plate 6A).
An unusual texture occurs in the form of fan-shaped 
(Plate 6B) and dendritic (Plates 6C and 6D) arrangements 
of pyrite grains. These aggregates vary in width from 0.05 ihtti 
to 0.5 mm (averaging 0.1 mm), and are up to 5 mm long. The
texture is similar to the "feathery-flowery" form described by
Ramdohr (1969, p.678) and used by him to indicate that the
mineral once existed in a colloidal state.
In one sample both a colloform (Plate 6E) and framboidal 
texture was observed. An "atoll-like" structure has also been 
observed (Plate 6F).
Sphalerite is the most widespread sulphide mineral 
after pyrite. It exhibits yellowish internal reflection 
said to indicate a moderate iron content (Edwards, 1954) 
(discussed later), and often contains inclusions of galena 
(Plate 7 D).
Within galena-rich sections the sphalerite commonly 
occurs as anhedral masses, 0.01 mm to 0.2 mm in size, displaying 
"shred-like" to sub-graphic textures. Occasionally
it is interstitial to the other sulphide minerals. In
Angular fragments of brecciated pyrite from 0.01 mm to 0.05
mm in diameter are interpreted as evidence of very localized
deformat ion.
PLATE 6
Photomicrographs illustrating microscopic features of the
Kangiara mineralization. All photomicrographs were taken
with reflected plane polarized light (pyrite - py; chalcopy-
rite - cp; sphalerite - sp? galena - g l ) .
(A) A texture indicative of an augen structure.
(B) Fan-shaped arrangement of pyrite.
(C) Dendritic arrangement of p y rite.
(D) Dendritic arrangement of pyrite after etching with HF. 
The central portions of pyrite grains are more suscept­
ible to the acid.
(E) Euhedral pyrite grains and colloform pyrite in chalcopy- 
rite.
(F) An "atoll-like" structure in pyrite and chalcopyrite 
(centre of vie w ).
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banded ore it forms as monomineralic bands ranging from 0.01 
mm to 0.4 mm wide. In the fragmental ore it occurs as 
rounded, angular, and tabular grains in sphalerite aggregates, 
and as single grains (Plate IB).
Most of the sphalerite is crowded with chalcopyrite 
inclusions occurring as-either narrow blades (or lamellae) 
in the (111) plane of the host (Plate 7 A), or as minute 
blebs (Edwards, 1954) ranging from less than 0.001 mm to
0.01 mm in size.
Concentric crusts or bands of botryoidal sphalerite 
occur as fragments within fragmental ore, lining cavities 
containing chalcedony, and as disseminations within the host 
rock. The concentric textures are most readily visible in 
thin section (transmitted light), but can also be seen in 
polished section outlined by the distribution of chalcopyrite 
inclusions (Plate 7 B ) . Kinkel (1966) attributed a direct 
(primary) origin to this texture, but Roedder (1968) considered 
it to be due to incipient recrystallization (secondary 
origin) from an original gel.
Galena is confined principally to the galena-sphalerite 
ore, although it occurs in the other types in minor amounts. 
Most commonly it occurs interstitially to the other sulphide 
minerals and the gangue as grains 0.01 mm to 0.2 mm in 
diameter. Less commonly it has infilled fractures within 
the gangue and pyrite.
Within some sphalerite-rich sections galena occurs as 
sub-graphic (Plate 1A and 7C) to fine-grained mosaic inter­
growths with the sphalerite, forming irregular masses
PLATE 7
Photomicrographs illustrating microscopic features of the 
Kangiara mineralization. All photomicrographs were taken 
with reflected plane polarized light (galena - gl; sphalerite 
sp; chalcopyrite - cp; marcasite - ma; electrum - AgAu; 
tetrahedrite - tetra).
(A) Narrow blades of chalcopyrite oriented in the (1 1 1 ) 
plane of sphalerite.
(B) The concentric zonation of sphalerite (centre grain) 
outlined by distribution of chalcopyrite inclusions.
(C) Galena interstitial to sphalerite.
(D) Rounded inclusions of galena and blades of chalcopyrite 
within sphalerite. The distribution of galena possibly 
reflects primary zonation.
(E) Isolated bundle of marcasite blades.
(F) An electrum grain (outlined) and tetrahedrite within a 
galena layer in sphalerite.
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from 0.003 mm to 0.03 mm in size. The galena in the banded 
galena-sphalerite ore is often present in monomineralic 
bands.
Occasionally galena occurs within sphalerite as clusters 
of minute rounded inclusions which average 0.002 mm in 
diameter, possibly indicating a primary zonation (Plate 7D) .
Chalcopyrite is restricted almost entirely to the 
chalcopyrite ore. It occurs interstitially to the other 
sulphide minerals (size varies from 0.005 mm to 0.05 mm), as 
massive ore, and as banded aggregates varying from 0.02 mm 
to 0.14 mm wide (associated with sphalerite in the chalco­
pyrite ore) (Plate 1C). Another form for the chalcopyrite 
is as inclusions, probably exsolution bodies, in sphalerite. 
Almost all sphalerite studied contained inclusions of 
chalcopyrite.
The chalcopyrite may be present as anhedral masses, 
bordered by pyrite crystals (Plate ID). These discrete 
masses normally range in size from 0.02 mm to 0.15 mm, but 
in some samples they are up to 10 mm in size.
Marcasite is a common constituent of the disseminated 
mineralization, varying from 0.05 mm to 0.2 mm in size.
Some grains exhibit a texture very similar to the one described 
by Campbell and Ethier (1974) as oriented bundles of marcasite 
blades (Plate 7E). Botryoidal sphalerite and marcasite, 
with oriented blades, commonly occur together.
Tetrahedrite and freibergite were only observed in the 
galena-sphalerite ore, occurring as dispersed anhedral 
grains, 0.005 mm to 0.02 mm in diameter (Plate 7F). They 
are generally associated with galena, but they also occur
within sphalerite ---  or rarely pyrite. Argentian tetra-
hedrite and freibergite, containing a high silver content 
(discussed later) are probably the source for most of the 
silver contained in the Kangiara ore.
Bismuthinite was noted in some polished sections in 
which chalcopyrite was the predominant sulphide mineral.
The bismuthinite occurs as rounded grains, averaging 0.02 mm 
in diameter, and it commonly shows polysynthetic twinning.
Bismuth (?) was tentatively noted in only one section, 
in which it occurred as minute rounded inclusions only a few 
microns in size within the bismuthinite.
Traces of native silver were observed as layers (0.005 
mm wide) between galena and a chalcedony-filled cavity and 
also as skeletal crystals within gangue minerals. As stated 
previously, however, argentian tetrahedrite and freibergite 
were probably the principal source material for the silver 
in the mined ore.
Electrum was observed in only one polished section, 
where it occurred as a number of isolated grains (average
0.01 mm diameter), within a galena "band" in the galena- 
sphalerite ore (Plate 7F).
Associated with galena is an unknown sulphosalt, only a 
few microns in size, which was detected whilst carrying out 
electron microprobe analyses. This sulphosalt contained the 
elements A g , Pb, As and S, and possibly represents marrite 
(PbAgAsSg). Due to its extremely minute size its optical 
properties could not be determined.
Covellite, digenite and chalcocite normally occur
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together within fractures in, and as reaction rims around, 
chalcopyrite. They are clearly of secondary origin.
Several different mineral associations are evident with 
the ore-types from the Kangiara mine. The most important 
aspects are:the higher concentration of tetrahedrite- 
freibergite and barite in the galena-sphalerite ore; the 
higher concentration of bismuthinite in the chalcopyrite 
ore; the presence of dendritic pyrite in the pyritic ore; 
the occurrence of botryoidal sphalerite and marcasite in the 
disseminated mineralization; and the occurrence of calcite 
veins in the vein mineralization.
The paragenetic sequence of the most important ore and 
gangue minerals from the Kangiara mineralization suggested 
that there were possibly three stages of ore formation. 
However, evidence for the two pauses in formation is not 
clear cut. Important features are the occurrence of pyrite, 
chalcopyrite, sphalerite, galena and quartz in all stages, 
barite in the first two stages, and calcite in the last 
stage. The late stage was possibly local remobilization 
caused by burial/regional metamorphism and deformation.
Other deposits in the Kangiara district (Figure III-l) 
contain mineralization similar to the disseminated- and 
vein-types of the Kangiara mine. Their main mineragraphic 
features are summarized in Table IV-3.
Sulphide Mineral Composition
Compositions of sulphide minerals are not always 
stoichiometric, with variations due to the inclusions or 
absence of certain elements. These variations may give an
Table IV-3 Features of Other Deposits Near Kangiara
White Flag French Lead & 
Clan Mackenzie
Democrat
Host Coarse grained pyroclastic Fine grained tuff Coarse grained pyroclastic
Rock rock (rhyolite comp.)
Alteration Sericitizat ion Silicification Sericitization
Ga lena Relict cp. , py. & sp. G a l e n a
Discrete masses, irregular enclosed within a variety Discrete masses, equigran-
aggregates interstitial to of secondary minerals includ- ular texture in assoc, with
sphalerite, thin lamellae in ing malachite, azurite, sp.
cleavage planes of chlor. & digenite, covellite, chalco-
within fractures in sp. cite, goethite, hematite, S p h a l e r i t e
S p h a l e r i t e
lepidiocrocite(?) & native 
copper (?). Occurs with gl. & as irregular bodies disseminated in host
Discrete masses, equigranular 
texture in assoc, with gl.,
rock.
thin lamellae in cleavage C h a l o o p y  rite
Sulphide
Minerals
planes of chlor., normally 
anhedral to sub-rounded in Irregular masses in host rock & inclusions in sp.and shape.
Textures
C h a l o o p y r i t e
P y r i t e
Discrete masses, "exsolution'' 
bodies in sp.
Normally isolated grains, 
contains inclusions of other 
sulphides.
P u r i t e-V.---- S e c o n d a r y  Cu M i n e r a l s
Isolated & cluster of grains 
assoc, with gl., sp., & cp. ; 
crude "atoll" texture; most 
py. grains contain, gl., sp. &/ 
or cp. inclusions.
Partial alteration of cp. has 
occurred resulting in fm. of 
covellite, digenite and 
chalcocite.
C o v e l l i t e
Secondary — alteration of cp.
Form Fragmental mineralization Vein & disseminated Vein & disseminated
Table IV-3 (Cont.) Features of Other Deposits Near Kangiara
• Mt. Price, Great Southern 
& Kangiara Blocks Triangle






Discrete masses, often containing op. 
inclusions, sometimes gl.inclusions.
C h a l c o p y r i t e
Discrete masses, minor disseminations 
in silicified host rock. Assoc, with
Galena
Discrete masses in host rock, interstitial 
to sp., & infilling fractures in qtz,& py.
S p h a l e r i t e
Discrete masses in host rock; sub-rounded 
aggregates.
Chalcopyri te
Discrete bodies asscc. with gl. & sp.;
Minerals py. and Cu alteration minerals. "exsolutions" in sp. .
and
Textures Pyrite Pyrite
Euhedral to sub-rounded grains, some 
contain inclusions of qtz, & cp.
B i s m u t h i n i t e
Irregular shaped grains —  "corrugation" 
lamellae; assoc, with cp.
S e c o n d a r y  Cu M i n erals
Marginal to cp. & sp., & networks of 
small veinlets in cp.
Isolated grains; when associated with gl. 
euhedral outline is slightly modified.
Form Vein & disseminated. Vein & disseminated.
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indication of the type of deposit, and possibly factors and 
processes affecting formation (Loftus-Hills and Solomon,
1967). Pyrite, sphalerite, chalcopyrite and tetrahedrite 
were therefore analysed for their major element (and minor 
element) contents.
Data on the chemical composition of pyrite is relatively 
scarce within published literature (or at least that which 
is routinely available in Australia). The analyses which 
have been documented contain a number of elements occurring 
as only minor and trace elements in pyrite (Fleischer, 1955) 
(discussed later). Elements which are normally said to 
occur in pyrite include As, Co, Cu, Ni and Mn (Fleischer,
1955? Flinter, 1970), with CoS2 , NiS2 and MnS2 
being isostructural with pyrite. Pure pyrite has an iron to 
sulphur ratio of 1.00 : 2.00, with any deviation due to 
other elements substituting for the iron and not to vacant 
sites, nor to iron occupying sulphur sites (Kullerud and 
Yoder , 1959 ) .
Electron microprobe analysis of pyrite in six samples 
from the Kangiara mine, as well as representative samples 
from the White Flag, Triangle and Democrat mines, was carried 
out (Appendix 5). In addition to determining overall chemical 
compositions, it was anticipated that any chemical variations
within the pyrite grains ---  for example zoning ---  would be
detected.
Pyrite from each sample was analysed, with 3 spot 
analyses being made for each grain. No chemical zonation of 
the pyrite grains was observed and in all cases the variation
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of measurements was not more than 3% from the average value 
of Fe and S for the grain. Only a few spot analyses recorded 
Cu and Ni. Mn and Co were not detected in any of the grains 
analysed by the electron microprobe (limit of detection was 
0 .0 1 %) .
The main feature of pyrite from the Kangiara mine is a 
slightly less iron content than indicated by the formula —
indicating substitution of iron has occurred. Comparison of 
the iron : sulphur ratio (Appendix 5) of the various mines 
shows a variation from 1.00 : 1.97 for the Democrat mine to 
1.00 : 2.11 for the White Flag mine. The Triangle mine is 
the only deposit to have a stoichiometric ratio. There is 
no significant variation between the ore types analysed from 
the Kangiara mine. In only 4 grains from the samples was Cu 
detected; possibly due to chalcopyrite inclusions. Ni was 
detected in only 2 grains, with values of 0.11% and 0.13%
(wt ) .
The principal substitute for Zn in the sphalerite
structure is F e . Cd and Mn also enter the structure by
replacing Zn, with as much as 4% to 5% Cd and Mn having been
reported (Deer et al., 1966). Manning (1967) observed, on
the basis of infrared absorption spectra, that as much as
. . 3+10% of the iron in sphalerite is octahedral Fe . However,
Mossbauer studies (Scott, 1971) indicated that all of the
2+iron is tetrahedral Fe .
Sphalerite is one of the more refractory sulphide 
minerals (Ribbie, 1974, p. CS41), and as Barton and Toulmin 
(1966) pointed out the Fe content, under certain circumstances,
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is very sensitive to variations in temperature and fugacity 
of sulphur during the formation of sphalerite. The Fe 
content of sphalerites may thus be useful in deciphering 
environments of sulphide formation (and deformation).
Several workers (e.g. Boorman, 1967; Scott and Barnes, 
1971) have shown that between 300°C and 550°C, sphalerite in 
equilibrium with pyrite and hexagonal pyrrhotite has a 
constant composition of 20.7 - 0.6 mole % FeS, thus excluding 
the use of sphalerite as a geothermometer between these 
temperatures, but allowing its use as a geobarometer. Below 
300°C relationships are less well-established, being complic­
ated by phase transitions in Fe1 S. Recently, Browne and 
Lovering (1973) suggested that the slope of the sphalerite + 
pyrite + pyrrhotite phase boundary shifts sharply towards 
the low FeS field below 300°C and thus the constant sphalerite 
composition value of 20.7 - 0.6 mole % FeS between 300°C and 
550°C cannot be extrapolated to lower temperatures. A 
handicap with using sphalerite as a geobarometer is that the 
assemblage, sphalerite + pyrite + hexagonal pyrrhotite is a
pre-requisite, as it provides the necessary buffering of a S
Fe
(Scott, 1973). Unfortunately this assemblage is not present 
in the Kangiara mineralization. Williams (1965, p.1741) 
stated that the inhomogeneity of natural sphalerites is 
common (for example, "growth-zoning" and botryoidal sphalerite) 
and has been recognized in sphalerites from many localities, 
particularly those which are believed to have formed at low 
to moderate temperatures. The presence of such "growth­
zoning" in sphalerite is indicative of delicate equilibrium 
adjustments (Barton et a l ., 1963), or sulphur fugacity
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fluctuations (Browne and Lovering, 1973).
Cu is reported in nearly all sphalerites analysed 
(Fleischer, 1955), with concentrations usually less than one 
or two weight percent (Ribbie, 1974, p.CS54). The common 
occurrence of chalcopyrite exsolution blebs and lamellae 
suggests that Cu in solid solution was much greater at 
higher pressure and temperature, and exsolution bodies were 
formed by unmixing in the sphalerite-chalcopyrite system 
(e.g. Edwards, 1954) by a phenomenon of phase separation in 
solid state (Fujii, 1970). Cu-Fe-S system substitution is 
CuFe 2Zn, and the CuFeS2 and FeS are separate components 
in sphalerite solid solutions (Ribbie, 1974, p.CS54). The 
Cu content of sphalerite is therefore present in the form of 
exsolved chalcopyrite ("impurities") or a dissolved CuFeS^ 
component, and thus sphalerite analyses containing Cu should 
have their Fe values adjusted when determining the extent of 
FeS substitution in sphalerite.
The F e , Zn, Mn and Cu contents of over 200 points in 14 
sphalerite samples from the Kangiara mine were determined.
At least 10 spot analyses were made, normally on 3 separate 
grains in each sample. Those analyses which contained Cu 
had their Fe values corrected ("calibrated"). Results for 
the Kangiara mine and nearby deposits are summarized in 
Appendix 6, with data being divided on the basis of both ore 
types and deposits.
Possible heterogeneous distribution of cations was 
initially examined because a concentric texture (botryoidal 
sphalerite) is common within the Kangiara mineralization.
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Sphalerite in the Kangiara massive, banded and vein mineral­
ization lacks, in most cases, this concentric texture.
Several traverses across sphalerite of these types of 
mineralization detected no systematic chemical zoning. The 
sphalerite concentric texture— prevalent in galena-sphalerite 
and chalcopyrite ores, and disseminated mineralization— has 
chemical zoning. Table IV-4 presents the range of values 
for the different coloured zones of sphalerite, only those 
zones lacking chalcopyrite exsolutions being analysed.
Results suggest that the darker the colour the higher the Fe 
content.
Homogeneity of samples from the White Flag and Triangle 
mines was also tested. In all cases the samples contained 
compositional variations within the limits of reproduceability 
of the electron microprobe instrumentation {- 2%).
FeS values in Kangiara sphalerite are variable, but
consistently low ---  all values are less than 4.2 mol % FeS
(Appendix 6). The most erratic analyses are recorded for 
samples exhibiting "growth zoning" (concentric texture). 
Sphalerite in galena-sphalerite ore contains a lower average 
"raw" Fe (wt%) content than in the chalcopyrite ore.
However, when the average Fe value was corrected for Cu 
content this trend is reversed. The unusual occurrence of 
0.79 and 0.94 Cu (at%) in the massive galena-sphalerite 
and massive chalcopyrite samples respectively should be 
noted. Corrected values of the FeS mol % (Appendix 6) for 
sphalerite in both the galena-sphalerite and chalcopyrite 
ores shows a lower Fe content than for sphalerite in the 
pyrite, disseminated and vein mineralization. There was
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Table IV-4
Iron Content of Different Colour Zones of 
Sphalerite from the Kangiara Mine (in FeS mol %)
Sample Lighter Colour Zones 
(lemon yellow to light 
gold colour)
No.Anals Mean Range
Darker Colour Zones 
(amber to honey colour)
N o . Anal s Mean Range
7281 4 1.9 1.8 - 2.4 3 3.9 3.8 - 4.1
7282 3 2.0 1.5 - 2.2 3 3.2 2.8 - 3.4
7283 4 2.7 2.6 - 2.8 4 4.0 3.5 - 4.2
galena-sphalerite ore; 






also an indication that the sphalerite in the galena-sphal­
erite ore has a lower metal : sulphur ratio than that in the 
chalcopyrite ore.
The White Flag and Triangle mines contained low mol %
FeS in sphalerite compared to Kangiara mine ---  1.0 and 0.8
average values respectively.
Chalcopyrite, CuFeS2 / is the most common of the ternary 
Cu-Fe-S minerals. It has an ordered tetragonal Cu-Fe arrange­
ment, based on the sphalerite structure, which is stable up 
to 557°C (Ribbie, 1974, p.CS73). There is little deviation 
from the formula CuFeS2 > with slight metal enrichment at 
high temperatures (Barton, 1973).
The chalcopyrite from the Kangiara group of mines 
(Appendix 7) was tested for homogeneity by analysing points 
in several traverses, but no zonation was detected. As a 
rule, chemical composition variations within a sample appears 
to be as large as between samples.
Ten samples, representing five ore types from the 
Kangiara mine, were analysed to determine whether any signific­
ant differences existed. There appears to be a trend of 
increasing Cu (at%) content and metal : sulphur ratio from 
the vein to the galena-sphalerite mineralization, although, 
the metal : sulphur ratio trend is not conclusive. There is 
a low Cu, Fe and metal : sulphur ratio values for the banded 
galena-sphalerite sample. This sample is the only example 
of a metal : sulphur ratio of less than one. Except that 
the chalcopyrite ore underlies the galena-sphalerite 
ore there is no local geological reason for the order galena-
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sphalerite, chalcopyrite, pyrite, disseminated and vein 
mineralization. However, this order is the zonation of many 
Kuroko deposits in Japan (Tatsumi, 1970).
The electron microprobe results for chalcopyrite from 
White Flag, Clan MacKenzie, Kangiara Blocks, Great Southern 
and Triangle mines (Appendix 7) do not indicate any obvious 
trends or distinct values for these deposits.
Tetrahedrite* s ideal formula is Cu3SbS3 25 (Uytenbogaardt
and Burke, 1971), but both Fe and Zn are normally present ---
resulting in the formula being written as either (Cu, Fe, 
Zn)12Sb4S13 or Cu1 0 (Fe,Zn)2Sb4S13 (Riley, 1974).
The ability of tetrahedrite to accept multiple substit­
utions results from an extremely elastic structure (Riley, 
1974) . Silver, mercury, lead, nickel and cobalt have all 
been recorded as substitutes for copper, with arsenic, 
bismuth and tellurium as known substitutes for antimony.
Riley (1974, p.120) defined freibergite as tetrahedrite 
containing greater than 20 wt % Ag, while grains with less 
than 20 wt % Ag are argentian tetrahedrite. This definition 
has been accepted in this study.
Thirteen electron microprobe analyses of the tetra- 
hedrite-freibergite minerals from the Kangiara mine are 
presented in Appendix 8. No marked compositional changes 
were detected across individual grains (Plate 8), although 
variations existed between the different tetrahedrite- 
freibergite grains within samples.
Compositional range of the tetrahedrite-freibergite is 
(Ag, Cu, Fe, Zn)1 0 .6_ 1 2 .6 (Sb, A s >3 .0-4.5S 1 3 .0 --- within the
PLATE 8
Electron microprobe scan photographs of an argentian tetra- 
hedrite grain from the Kangiara mine. Fe, Cu, Zn and Pb:- 
(LiFII); and Ag and Sb:- La (P E T ) .
PLATE 8
PLATE 8
Electron microprobe scan photographs of an argentian tetra- 
hedrite grain from the Kangiara mine. Fe, Cu, Zn and Pb:- 
(LiFII); and Ag and Sb:- La (P E T ) .
PLATE 8
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compositional range calculated by Riley (1974, p.123) as
(Ag, Cu, Fe, 2")9 .4_ 1 4 .2 <S b ' A s >2.8-4.8S1 3 .0 * Because the 
silver content of the mineral grains ranges from 0.35 wt %
Ag to 22.31 wt % A g , the compositional range is from tetra- 
hedrite to argentian tetrahedrite to freibergite. There is 
a very narrow range when the compositions are plotted on a 
S-Cu-(As+Sb) triangular plot, clearly confirming the 
"tetrahedrite" composition.
Trace Elements in the Sulphide Minerals
Trace element analyses of the main sulphide minerals at 
the Kangiara, White Flag, Clan MacKenzie, Kangiara Blocks, 
Great Southern and Triangle mines are presented in Appendices 
9-12 .
Arsenic, confined principally to pyrite, is more abundant 
in the vein, disseminated and pyritic ore types, while the 
concentration of Co is high only in disseminated and vein 
types. The high Mn values in pyrite, chalcopyrite and 
sphalerite from the vein-type mineralization is interesting. 
Nishiyama (1974, p.376) observed that Mn in sulphide phases 
is concentrated in "some parts" of the wall rocks for the 
Kuroko deposits of the Shakanai mine, Japan. Nickel is 
confined to pyrite, and in lesser amounts to chalcopyrite.
The concentration of Ni in chalcopyrite from the Great 
Southern and Triangle mines possibly indicates that the 
mineralization of these mines is similar to the vein and 
disseminated mineralization at the Kangiara mine. The other 
trace-elements analysed appear to have erratic concentrations
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between the Kangiara ore types and deposits of the Kangiara 
group of mines.
Table IV-5 lists trace-element distributions in pyrite, 
chalcopyrite, sphalerite and galena. The notable differences 
m  trace element distributions are: arsenic and Ni appears 
to be concentrated in pyrite; Sn in chalcopyrite; Cd, Ga, Mn 
and possibly Au in sphalerite; Bi in chalcopyrite and galena; 
Co in pyrite and sphalerite; Indium in chalcopyrite and 
sphalerite; Mo in pyrite and chalcopyrite; and Sb in galena 
and sphalerite. The high concentration of Bi in a pyrite 
separate from the Great Southern mine is probably related to 
bismuthinite inclusions.
Sulphur Isotope Ratios for the Kangiara Mine
Sulphur isotope fractionation values (§ 34S ) are commonly 
used to give an indication of possible ore genesis (Tupper, 
1960; Dechow and Jensen, 1965; Stanton and Rafter, 1966;
Smith and Croxford, 1973, 1975; Sasaki, 1974; and Both and 
Smith, 1975). The formation of sedimentary sulphides and 
sulphates has been thought to be genetically related to 
seawater sulphate (Sasaki, 1974). If conditions of formation 
are favourable, sedimentary sulphide fi^S values should be 
considerably greater than zero (the "average crustal value"), 
and sedimentary sulphate should be close to the value of 
ancient seawater sulphate (present day seawater <5 34s is 
21.76 per mil or 21.76 °/0 0 ).
The extent of isotopic fractionation is influenced by 
oxidation state, temperature, pH of parental solution, 
relative bond strengths of the precipitating minerals and
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Table IV - 5 Distribution of Trace Elements 
Between Sulphide Minerals from the Kangiara Mine
Element Principal Host Mineral
Ag GALENA > SPHALERITE > CHALCOPYRITE > PYRITE
As PYRITE
Au SPHALERITE
Bi CHALCOPYRITE > GALENA > PYRITE
Cd SPHALERITE * GALENA
Co PYRITE > SPHALERITE > CHALCOPYRITE
Ga SPHALERITE > GALENA = CHALCOPYRITE = PYRITE
In CHALCOPYRITE * SPHALERITE > GALENA > PYRITE
Mn SPHALERITE > CHALCOPYRITE > PYRITE
Mo PYRITE > CHALCOPYRITE > GALENA > SPHALERITE
Ni PYRITE > CHALCOPYRITE
Sb GALENA ^ SPHALERITE > PYRITE = CHALCOPYRITE
Sn CHALCOPYRITE > SPHALERITE > PYRITE > GALENA
Ti CHALCOPYRITE > PYRITE > SPHALERITE
Explanation: This table indicates relative trace
element contents in the main sulphide 
minerals. For example, there is a 
much higher Cd-content in sphalerite 
than in galena.
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biological reactions (Stanton, 1972). It has also been 
determined (Kajiwara and Krouse, 1971) that under equilibrium 
conditions the order of 6 34S enrichment is: pyrite > 
sphalerite > chalcopyrite > galena. Thus, in addition to 
determining a possible source of the sulphur and the processes 
of mineral formation, sulphur isotopes can indicate condit­
ions of formation.
34 346 S and a S values, as well as fractionation temper­
atures, are listed in Table IV-6. Fractionation temperatures 
were calculated on the basis of equations derived from exper­
imental data of Kajiwara and Krouse (1971).
The ore types at the Kangiara mine can be correlated 
(using their macroscopic appearance) to types of mineraliz­
ation in various ore zones of Kuroko-type deposits (cf.
Roberts, 1976). There is a general decrease of 6 ^4S from 
bottom to top in Kuroko-type ore deposits, of which the
Shakanai No.l deposit is the best example (Kajiwara, 1971).
34The decrease upwards of 6 S is also evident in the Rammelsberg 
deposit (Anger et a l . r 1966). However, the Heath and Steele 
B-l orebody, New Brunswick, Canada (Lusk and Crockett, 1969) 
has the reverse trend. There is a random variation of 6^4S 
with Kangiara 6re types, and hence it is difficult to correl­
ate these ore types with the stratigraphic ore types of 
other deposits based on sulphur isotopes.
The mean o/QQ value for pyrite in the six samples
analysed is +10.0, for sphalerite +9.2, for chalcopyrite 
+9.0, and for galena +7.5. These average values therefore
Table IV-6 Sulphur Isotope Analyses for the Kangiara Mine
L a b .N o . 
(CSIRO)
Ore Type
gi. s p .
6 3*S 
c p . py- sp. - gl.
A 6 31*S (T° 
py. - gl.
C) u
py. - cp. py. - sp.
51122 g l .- s p . + 7.2 + 8.6 + 10.1 + 10.1 + 1.4 (483°C) +2.9 (343°C) 0.0( - ) + 1.5 (174°C)
51125 c p . +6.8 - + 8.0 +8.8 - + 2.0 (484°C) + 0.8 (477°C) -
51123 py. + 7.6 + 8.9 - + 11.0 +1.3( 511°C) +3.4 (296°C) - + 2 . 1 (105°C)
51124* py. + 8.3 + 10.2 - + 11.8 + 1 . 9 (376°C) + 3.5 (28 7°C) - + 1.6 (160°C)
51121 dissem. - - +6.9 +8.5 - - + 1.6 (257°C) -
51120 vein - - + 10.8 - - - - -
Mean + 7.5 + 9.2 +9.0 + 10.0 + 1.5 (457°C) + 3.0 (353°C) + 0.8 (367°C) +1.7(146°)
Average temperature for the Kangiara mine = 329°C 
- not determined
1. Fractionation temperatures determined as outlined in Kajiwara and Krouse (1971).
2. Sample No. 51124 contained pyrite with a dendritic texture.
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satisfied the Kajiwara and Krouse (1971) order of 6 ^ s  
enrichment under equilibrium conditions (pyrite > sphalerite 
> chalcopyrite > galena). However examination of values for 
sample 51122 (CSIRO), where pyrite, sphalerite, chalcopyrite 
and galena occur together, shows that sphalerite and chalco­
pyrite minerals are in the reverse order. Plotting 
three samples (CSIRO 51122 to 51124) on a diagram proposed 
by Smith et al. (1977, fig. 4) showed that isotopic equil­
ibrium does not exist for pyrite - sphalerite - galena.
If isotopic equilibrium is assumed, then "equilibrium" 
temperatures have a very wide range of values (105°C to 
511°C) (Table IV-6). The hypothetical average temperature 
value of formation for the Kangiara mine is 329 + 140°C. 
Although the uncertainty is large, this is higher than the 
Kuroko deposits in Japan (250°C? Lambert and Sato, 1974).
It is, however, not very different from other deposits in 
the Lachlan Fold Belt (250°C to 300°C; Burns and Smith,
1976 ) .
Petrochemistry of the Host Rocks
Twenty-seven volcanic rocks from the vicinity of the 
Kangiara village were analysed for major element and trace 
element contents (Appendix 2). These samples were divided 
into two groups:—  "altered" ("mineralized") and "unaltered" 
("unmineralized") volcanic rocks. The "altered" volcanic 
rocks were collected only within 20 m of known mining and/or 
prospecting activity, or within distinct alteration zones; 
and the "unaltered" volcanic rocks were sampled more than 20 m 
from mining and/or prospecting activity. It was hoped that
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the samples collected would define the rock composition of 
the area and the variations accompanying (hydrothermal) 
alteration associated with sulphide mineralization near 
Kang iara.
Major Elements
The chemical analyses of the major rock units near 
Kangiara are presented in Table IV-7. Compositions of 
"unaltered" volcanic rocks vary from rhyolite to dacite (cf.
Le Maitre, 1976).
Frequency histograms of the major elements are presented 
in Figure IV-2. Most noteworthy features of the volcanic 
rocks are:
1. high content of ^ 0 ;
2. moderate to low ^ £ 0  content compared to the ^ 0  
values;
3. a wide range of FeO;
4. the presence of sulphur in the "altered" volcanic 
rocks (due to sulphide minerals);
5. a wide range of SiC^ values for the "altered" volcanic 
samples and a narrow spread for the "unaltered"; and
6. "altered" volcanic rocks have lower content of MnO,
CaO and ^ £ 0 ,  while the P 2 ^ 5 content is lower in 
"unaltered" volcanic rocks.
Irvine and Baragar (1971, p.525) stated that norms give 
a fair approximation of the mineralogical and modal compos­
ition of common volcanic rocks (which crystallized at low 
pressures under relatively anhydrous conditions). Both CIPW 
norms and mesonorms have been calculated (Appendix 2), the
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Table IV-7 Composition of the Major Rock Units 
at Kangiara (in weight %)
1 2 3 4 5 6 7 8
SiOz 6 6 . 2 4 7 5 . 3 2 7 3 . 8 7 7 0 . 0 0 7 9 . 4 6 6 7 . 3 1 7 2 . 3 4 7 2 . 8 1
T i 0 2 0 . 5 1 0 . 1 7 0 . 1 3 0 . 5 4 0 . 0 7 0 . 6 1 . 29 0 . 1 4
a i 2 o 3 1 4 . 7 4 1 3 . 3 0 1 3 . 1 6 1 4 . 1 2 1 0 . 8 5 1 4 . 8 3 1 3 . 1 9 1 3 . 4 3
F e 2 0 3 1 . 7 9 0 . 6 0 0 . 5 1 1 . 2 0 0 . 3 8 1 . 3 3 . 7 1 0 . 4 7
FeO 3 . 4 2 0 . 0 0 0 . 8 7 2 . 5 2 0 . 0 2 3 . 0 5 1 . 4 0 0 . 3 9
MnO 0 . 0 6 0 . 0 2 0 . 0 0 0 . 0 9 0 . 0 0 0 . 0 9 0 . 0 5 0 . 0 8
MgO 1 . 5 0 0 . 2 5 0 . 1 0 2 . 1 4 0 . 3 1 1 . 9 5 1 . 0 1 0 . 3 9
CaO 0 . 2 1 0 . 2 7 0 . 1 8 0 . 8 2 0 . 0 9 1 . 4 5 0 . 3 5 1 . 2 8
Na 2 0 0 . 4 5 0 . 5 4 0 . 9 7 1 . 4 6 0 . 2 1 1 . 9 9 1 . 0 6 1 . 4 4
K2 0 7 . 4 9 8 . 1 4 7 . 1 9 5 . 2 8 7 . 2 3 4 . 7 2 6 . 8 8 8 . 6 8
►a N> O tn 0 . 1 6 0 . 0 8 0 . 1 4 0 . 1 1 0 . 1 3 0 . 1 2 0 . 1 1 0 . 1 0
H2 0  ( + ) 2 . 3 6 0 . 9 7 2 . 9 9 2 . 0 8 1 . 2 1 2 . 0 2 2 . 1 4 0 . 3 5
h 2 0 ( - ) 0 . 5 3 0 . 3 9 0 . 3 2 0 . 4 8 0 . 2 4 0 . 3 3 0 . 3 3 0 . 2 3  .
CO 2 0 . 1 6 0 . 1 4 0 . 4 1 0 . 1 9 0 . 1 8 0 . 2 3 0 . 3 8 0 . 8 7
s 0 . 1 8 n . d . n . d . n . d . 0 . 1 1 < 0 . 0 1 n . d . n . d .
T o t a l 9 9 . 8 0 1 0 0 . 3 1 1 0 0 . 7 4 1 0 1 . 0 3 1 0 0 . 4 9 1 0 0 . 0 3 1 0 0 . 2 4 1 0 0 . 6 6
1 . Volcanic breccia —  dark green to black —  chloritized
* (70 11 -7014)
2. Volcanic breccia —  creamy white to brown —  argillized (7019)
3. Lapilli tuff (7020)
4. Tufflava (7004 and 7006)
5 # Fine grained tuff —  silicified (7022 and 7023)
6. Coarse grained tuff —  green-grey (7005 and 7007-7010)
7. Coarse grained t u f f —  pale grey-green (7002, 7003 and
’ 7021)
8. Coarse grained tuff —  pale grey-white (7001)
n.d. = not detected.
FIGURE
the volcanic rocks near Kangiara. Shading 
depicts samples collected within 20m of 
known mining or prospecting activity, or 
within distinct alteration zones ("altered 
samples). Other samples were collected 
further than 20m from known mining or 
prospecting activity ("unaltered" s a m p l e s ) 
Number of s a m p l e s : 27.
IV-2 Frequency histograms of major oxides for
Figure IV-2
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mesonorms being mineralogically more realistic for these 
rocks as they allow for the inclusion of biotite and hornblende, 
and are calculated in volume percent. Normative data shows 
that all volcanic rock phases are quartz normative and 
peraluminous. Care is necessary, however, in rock classific­
ation using norms. As these volcanic rocks possess an 
indeterminate groundmass (and hence a complete modal mineral 
composition cannot be determined) "probable modes" —  for 
example mesonorms (Ramsden, 1974)— are the best parameters 
in classifying the volcanic rocks (cf. Streckeisen, 1967).
The volcanic rocks lie within the subalkaline field, as 
illustrated by the alkali versus silica (Figure IV-3A) and 
Ol'-Ne'-Q' (Figure IV-3B) diagrams. The calc-alkaline 
composition is indicated by A ^ O ^  versus normative plagio- 
clase composition (Figure IV-4A), and the FMA (Figure IV-4B) 
diagram. According to normative plagioclase versus colour 
index (Figure IV-5A) the "unaltered"volcanic rocks vary from 
rhyolite to andesite in composition, but for the QAP diagram 
(Figure IV-5B) (using normative minerals) the"unaltered" 
volcanic rocks vary from a rhyodacite to alkali rhyolite in 
composition. The Or-An-Ab diagram (Figure IV-5C) illustrates 
that the"unaltered"volcanic rocks are potassic compared to 
the "average rocks" of Irvine and Baragar (1971, p.539, 
fig. 8), and they thus fall within the rhyodacite and potassic 
rhyolite fields.
Govett and Whitehead (1974) and Tono (1974) suggested 
that removal of Na20 is a characteristic feature of alter­
ation related to massive sulphide mineralization although
FIGURE
composition of the volcanic rocks near 
Kangiara. Only the "unaltered" samples are 
plotted. In both diagrams the dashed line 
is the dividing line for alkaline and 
subalkaline rocks proposed by Irvine and 
Baragar (1971)
(A) alkali (Na20 + K20) versus silica (Si02) 
Plots in wt %.
(B) 01 (01 + 3/4 Opx) - Ne1 (Ne + 3/5 Ab)
- Q1 (Q + 2/5 Ab + 1/4 Opx). Plots in 
% cation equivalents based on the
IV-3 Diagrams illustrating the subalkaline
cation norm.
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composition of the volcanic rocks near 
Kangiara. Only "unaltered" samples are 
plotted. In both diagrams the dashed line 
is the dividing line for tholeiitic and 
calc-alkaline compositions proposed by 
Irvine and Baragar (1971)
(A) Al2°3 (wt versus normative plagio- 
clase composition. Normative plagio- 
clase compositions (An %) are based on 
mesonorms in vol %.
(B) A(Na20 + K20) - F (FeO + 0.8998Fe2O 3 ) - 
M ( M g O ). Plots in wt %.
FIGURE IV-4 Diagrams illustrating the calc-alkaline
Figure IV-4 A 76
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ition of the volcanic rocks near Kangiara.
Only "unaltered" samples are plotted.
(A) Q(quartz) - A(alkali feldspar; includ­
ing albite - AnQ_5) - P(plagioclase; 
An5-100^* Subdivisionsare based on 
mesonorms in vol %.
(B) An(anorthite) - Ab (albite + 5/3 
nepheline) - Or(orthoclase). Classific­
ation taken from Irvine and Bar agar
(1971). Plots in % cation equivalents 
based on the cation norm. i
(C) Normative plagioclase composition 
versus colour index:. Both normative 
plagioclase composition (% An) and 
colour index (% of ferromagnesian 
minerals) are based on mesonorms in 
vol %. Classification modified from 
Irvine and Baragar (1971) (whose 
colour index and plagioclase compos— 
ition was based on CIPW norms).
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Bennett and Rose (1973) and Thurlow et al. (1975) showed 
that this may not always be the case. All samples are 
potassium-rich (K2 0/Na2 0 > 1), with the “unaltered** volcanic 
rocks typically having a ratio less than 7, and the"altered" 
volcanic rocks greater than 7 (Figure IV-6A). The range of 
^2^ va^ues i-s approximately the same for both sets of samples, 
suggesting that increase in the K2 0 :Na2 0 ratio is not due to
potassium metasomatism but to removal of Na-O. The K O-CaO-
2 2
N ^ O  diagram (Figure IV-6B) illustrates a trend towards the 
1^0 apex for both sets of samples. This trend arises because 
of the increase in K-feldspar from dacite to rhyolite and 
leaching of Na in "altered" volcanic rocks. A narrow range 
exists for "unaltered" volcanic samples and a broad range for 
'altered" volcanic samples when SiC^ is plotted against the
K20:Na20 ratio (Figure IV-6C) --- resulting from introduction
of silica and the alteration of feldspar.
The (FeO + Fe203):(FeO + Fe20^ + MgO) ratio has been 
considered to be affected by alteration (Wilshire, 1959). A 
plot of this ratio versus Si02 illustrates a cluster of 
points for the "unaltered" volcanic rocks surrounded by a
■'i
broader cluster of points for the "altered" volcanic rocks 
(Figure IV-7). Oxidation of iron often accompanies 
deuteric alteration (Wilshire, 1959). However, the ratio 
of FeO to Fe203 (Appendix 2) shows that within the group 
of "altered" samples, some samples have a low FeO:Fe00 
ratio (apparent oxidation) and others have a high Feo:Fe203
ratio (apparent reduction) --- indicating both oxidizing and
reducing alteration processes within the Kangiara environ.
FIGURE IV-6 Alkali ratios for rocks near Kangiara.
Dots are "unaltered" samples and crosses 
are "altered" samples.
(A) K20 versus Na20 
Plots in wt %.
(B) K20 - CaO - Na2° diagram.
There is a trend towards the K20 apex.
(C) Si02(wt %) versus K20:Na20; showing a 
narrow range of values for the "unalter 
ed" samples and a large spread of 
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FIGURE IV-7 {F 60 + Fe 2 O 3 ) • (FeO + Fe 3 O 3 + MgO) vsrsus
SiO?a Oxides are in wt %.
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Chayes (1964) pointed out that Harker diagrams (SiC>2 versus 
other oxides) indicate several processes in addition to 
crystal fractionation, and that they are of no importance in 
depicting the differentiation of a suite of volcanic rocks. 
Difficulties arise in interpretation because alteration may 
parallel the changes produced by magmatic differentiation 
(Wilshire, 1959). Major element variations, as shown by 
Harker diagrams (Figure IV-8 ), illustrate a considerable 
scatter which indicates a proportion of the analyses repre­
sent samples which are altered. For the "unaltered" volcanic 
samples, TiC^/ Al^O^, FeO, MnO and MgO illustrate a
negative correlation with SiC^, and K 2° a Positive correl­
ation with Si02 (typical relationships associated with magma 
differentiation). CaO, Na 20, P 2° 5 ' H 20 + ' H20” ' C02 and S 
have trends which are uncertain.
Hutchison (1974, p.395) stated that the solidification 
index (S.I.) (Kuno £t a l ., 1957) represents a measure of the 
amount of residual liquid relative to crystallized solid 
phase as magma fractionates. Thornton and Tuttle (1960, 
p.665) stated that the differentiation index (D.I.) quant­
ifies the "basicity" of a rock and therefore measures the 
extent of fractional crystallization. In variation diagrams 
the use of S.I. or D.I. as the abscissa, in place of SiC^, is 
preferable. The S.I. and D.I. values, theoretically, should 
give similar results if their underlying assumptions are 
correct. Both indices (Appendix 2) show a large range of 
values (S.I. from 0.12 to 28.76; D.I. from 46.50 to 96.45) 
with "altered" volcanic rocks responsible for this range of
d i a g r a m s ) ,  for the "unaltered" samples 
(dots) and "altered" samples (crosses) from 
K a n g i a r a . Dashed lines r e present trends of 
the "unaltered" samples. Oxides in wt %.
FIGURE IV-8 Plots of silica versus major oxides (Harker
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major oxides, for the "unaltered" samples 
(d o t s ) and "altered" samples (c r o s s e s ) from 
K a n g i a r a . Dashed 1 ines represent trends of 
the "unaltered" s a m p l e s . Oxides in wt %.
FIGURE IV-9 Plots of Solidification Index (S.I.) versus
Figure IV-9 83
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values. When the major oxides are plotted against S.I. and 
D.I. certain trends are evident for the "unaltered" volcanic 
rocks (Figures IV-9 and IV-10). The S.I. has negative 
correlations with SiC>2 and K^O, and positive correlations 
with TiC^ / A 1 20 3 , FeO, MnO,MgO, P 20^ and H 2Q + . CaOA N a 20, ,
CO^ and H 20 show a wide scatter of points. The D.I. possesses 
similar correlations to those of S.I.
Assuming the trends illustrated (Figures IV-9 and IV- 
1 0 ) are equivalent to the entire "unaltered" volcanic suite of 
rocks in the vicinity of Kangiara then differences and 
variations of sample points from the "unaltered" volcanic 
rock trends possibly depict chemical changes associated 
with alteration. The significant features are:
1 . some "altered" samples show an increase, while other 
"altered" samples show a decrease in the Si02 , TiC>2 
and K 2 0 content;
2. a decrease in A1 2C>3 , Na2<D and MnO; and
3. a possible increase in P_0_ and H~0+ .2 5 2
It is pointed out that the MgO trend for both the "altered" 
and "unaltered" volcanic rocks are identical (9 9 .9 % significant 
correlat ion).
Trace Elements
The contents of Cr, Ni, Sc, Yb, Y, and possibly Ga, for 
the "altered" and "unaltered" volcanic rocks, typically overlap 
(Appendix 2). Ba and Zr in the "altered" samples show a 
spread of values greater than for the "unaltered" samples.
Ag, Mo, Sn, Tl, Cu, Pb, Zn, and possibly Ge, have a higher
8 6 .
concentration in the "altered" volcanic rocks, while B and Y 
are present in lower amounts. Cu, Pb and Zn have the largest 
range of values, reflecting the erratic occurrence of chalco- 
pyrite, galena and sphalerite respectively.
The Cu-Pb-Zn triangular diagram (Figure IV-11A) shows a 
spread of values with a tendency to cluster towards the Zn 
apex. Plots of (Cu + Pb + Zn) versus the K^O : ^ £ 0  ratio 
(Figure IV-11B) illustrate a wide spread of values for the 
"altered" volcanic rocks and a narrow range for the "unaltered" 
volcanic rocks. Only a slight overlap of the two clusters 
o c c u r .
For the 27 samples Ba is significantly correlated 
(99.9% level) to B^O (correlation coefficient = 0.5476).
This relationship probably arises due to Ba only substituting 
into K lattice sites of silicate minerals (Taylor, 1965). 
Possibly due to the limited number of samples (10) Ba, for 
the "unaltered" group of samples, is not significantly correl­
ated to 1^0. It should be noted that the "altered" group 
contains samples with an anomalously high Ba content and 
samples with a low Ba content.
For the volcanic rocks certain correlations and trends 
appear to exist between some of the trace elements and SiO^, 
S.I. and D.I. (Figure IV-12). There are, however, samples 
which fail to depict the correlations and trends of the 
majority of samples. Si0 2 has a positive correlation with 
Pb and possibly a negative correlation with V in the "altered" 
group of samples, and a negative correlation with Cr in the 
"unaltered" group. The Cr and Zn contents of "unaltered"
(27) near Kangiara.
(B) (Cu + Pb + Zn) (wt %) versus K 20 : N a 20
for volcanic rocks (27) near Kangiara, 
showing a large range of values for 
"altered" samples and a narrow spread 
for "unaltered" samples.
In both diagrams dots depict "unaltered" 
samples and crosses "altered" samples.











and Differentiation Index (D.I.) versus 
trace elements in volcanic rocks near 
Kangiara for "unaltered" samples (dots) and 
"altered" samples (crosses). Dashed lines 
represent trends of the "unaltered" samples. 
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volcanic rocks are statistically correlated with S.I. For 
the D.I. the only correlations are a positive correlation 
with Cu in the "unaltered" samples and V in the "altered" 
samples.
Composition of the Chlorites
Chlorite is a common constituent of the volcanic rocks 
near Kangiara, occurring as laths, spherules, amygdules, and 
pseudomorphs of biotite and hornblende. In addition, chlorite 
is an alteration mineral associated with the Kangiara mineraliz­
ation. Recent authors (Iijima, 1974; Shirozu, 1974; and 
Utada ejt a_l., 1974) have pointed out the usefulness of 
chlorite in determining alteration zones associated with the 
Kuroko-type deposits in Japan.
Electron microprobe analyses of chlorite from rock 
samples (12) are tabulated in Appendix 4. These results 
illustrate a narrow range of chlorite composition within 
each volcanic rock analysed, with the exception of 6943.
Most significant feature of the analyses is the hiqher FeO n 
content in chlorite from the chloritized volcanic rocks of 
the Kangiara mine.
Shirozu (1974) showed that plotting the intensity ratio 
of the 001 (14A , 002 (7 A) and 003 (4.7 A) basal reflect­
ions can indicate the various chlorite compositions. Wiese 
(1973), in a study of a mineralized shale unit, illustr-
O O
ated that the intensities of the 14 A and 7 A diffraction 
maxima vary directly with the ratios FeO ; (FeO + MgO) and 
Fe2 + : (Fe2+ + Fe2 + ). All values of the intensity ratio of
0 O O
the 14 A, 7 A and 4.7 A diffraction peaks for rock samples
in the Kangiara area (Figure IV-13) plot in the field of 
the FeMg-chlorites. No significant variation appeared 
to exist within each particular rock sample.
90.
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Plots of diffraction maxima 14 A versus 7 A indicate 
that no systematic variation is evident. Based on eight 
samples the correlation coefficient between I ^ : 1^ ^  an^
FeO : (FeO + MgO) is 0.34. This is not a significant correl­
ation indicating that Wiese's (1973) method of determining 
FeO:(FeO + MgO) should be used with caution.
Rock Alteration
Within the Kangiara district there are zones of exten­
sive rock alteration (Figure III-l). Two distinct types have 
been mapped: altered volcanic rocks, pink to purple in 
colour; and altered volcanic rocks, white in colour. The 
presence of hematite, either from oxidation of magnetite or 
the alteration of pyrite, causes the pink to purple colour, 
while the white colour results from the development of 
kaolinite and sericite. These alteration zones are geo­
chemically anomalous with respect to one or all of the base 
metal elements (Cu, Pb and Zn).
In addition to these distinct zones the Kangiara district 
contains rocks which have been subjected to silicification, 
chloritization, argillization and sericitization. These 
alteration types form broad "zones" with indistinct bound­
aries. The type and extent of alteration is not uniform, 
both gradational and erratic changes existing in the district. 
The alterations traverse rock unit boundaries and are not
localized within one rock type.
FIGURE IV-13 Plots of relative XRD peak intensities (14A
O 0
: 7 A : 4.7A) for chlorite minerals. All 
samples are from near Kangiara. The sample 






Due to the low grade burial metamorphism, ferromagnesian 
minerals are commonly altered to chlorite. Around the 
Kangiara mine this alteration is noticeably more abundant —  up 
to 48 modal % chlorite. In addition, the alteration of 
feldspar and muscovite/sericite to chlorite also occurs, 
resulting finally (where alteration is extreme) in a volcanic 
rock composed of only quartz and chlorite.
The increase of quartz within the volcanic rocks is due 
principally to either the introduction of secondary quartz 
in the form of quartz veins, or from the alteration of 
feldspar to micas and quartz. Silicification is associated 
with the mineralization at the French Lead, Clan MacKenzie,
Great Southern and Kangiara Blocks mines.
Feldspar may be altered to varying degrees. K-feldspars 
are partially to completely altered to kaolinite/illite and 
sericite (sometimes albite), normally intergrown with quartz.
The simplified K-feldspar hydrolysis reaction (modified from 
Meyer and Hemley, 1967) can be expressed as
3 KAlSi 30 Q + 2H+ — > KAl 2AlSi3O 1 0 (OH)2 + 6 SiC>2 + 2K+ .
(K-feldspar) (Sericite) (Quartz)
Plagioclase has been extensively altered, being replaced by 
sericite, kaolinite/illite and quartz, with some patches of 
chlorite and K-feldspar. Typical hydrolysis reaction of 
plagioclase could be
3(K,Na,Ca)AlSi30 8 + 2H+ — ^  K A ^ A I S  i3 010 (O H ) 2 + 6 SiC>2 + 2K+ 
(Plagioclase) (Sericite or illite) (Quartz)
+ 3(Na+, Ca2+).
Chloritization of albite may take the following course 
(Stanton, 1972):
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2NaAlSi,Og + 4(M g ,F e )2+ 2Fe3+ + 10H2O — >
(Albite)
(Mg,Fe)^+ (Fe,Al)2+Si2 0 1 0 (OH ) 8 + 4Si02 + 2Na+ + 12H+ 
(Chlorite)
The K+ released from the breakdown of K-feldspar and plagio- 
clase probably replaces Na+ in plagioclase to form additional 
sericite and quartz, or K-feldspar. Rarely does plagioclase 
phenocrysts contain aggregates of clinozoisite. Clino- 
zoisite's formation can be expressed as follows (Stanton, 
1972) :
2NaCaAl-.Sir.0-,,-- + 2Si0o + Na + H o0 — >3 o 16  2 2
(Andesine)
Ca2Al 3Si30 1 2 (OH) + 3NaAlSi3 0g + H+ .
(Clinozois ite)
The mafic minerals, probably biotite and hornblende, are 
partly to completely altered. The alteration sequence in 
sericitic alteration zones is first to chlorite then to 
sericite. Stanton (1972) documented the chlorite to sericite 
reaction as
2A1(Mg,Fe)gAlSi30^Q(OH)g + 5A12 + + 3Si(0H)^ + 3K+ + 2H+
(Chlorite)
3KAl2AlSi3 01 Q (OH ) 2 + 10(Fe,Mg)2+ + 12H20.
(Sericite)
The release of Fe in this reaction results in formation of 
magnetite and hematite(?), and in addition probably combines 
with sulphur to form pyrite. This is confirmed by the 
typical association of magnetite, hematite (?) and pyrite 
with relict mafic minerals.
A qualitative estimate of the abundance of the alter­
ation minerals quartz, sericite and chlorite was made from
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x-ray diffractograms (method outlined in Chapter II).
Figure IV-14 shows the results based on samples collected 
from available outcrops. There are two important features. 
Silicification is associated with the Great Southern - 
Triangle mine area, and there is an overlap of the chlorite 
and sericite alteration zones. This latter feature arises 
due to association of chlorite and sericite with the alter­
ation of both ferromagnesian minerals and feldspar.
It has been shown that there can be systematic variations 
of elements surrounding base metal mineralization (e.g. Date 
and Tanimura, 1974). For this reason all oxides or elements 
of 20 sample locations were plotted against distance from 
the Kangiara mine. The Kangiara mine was chosen as the 
central point as it represented the most significant mineraliz­
ation of the district. Variations of oxides and elements, 
however, appeared erratic. Main feature observed from the 
plotting of concentrations at the various sample locations 
(irrespective of distance from the Kangiara mine) (Figure 
I V - 1 5) is that locations anomalous in either Cu, Pb or Zn, 
characterize centres of mineralization or distinct alter­
ation zones. An unusual feature of the Kangiara mine is the 
anomalous concentration of P 2Oj-, but the reason f°r this is 
uncertain.
Some important chemical changes accompanying hydro­
thermal alteration warrant stressing:
1. FeO, MgO and H 20+ all increase with chloritization;
2 . K 2 0 increases with sericitic alteration;
3. Si02 increases with silicification; and
95.
4. Ti0 2 and a 1 2°3 both decrease with silicification 
and chloritization.
Meyer and Hemley (1967, p.210) have pointed out that Al is 
the least mobile of all cations. This is illustrated with 
respect to the sericite alteration. Heavy depletion of Al 
however, has resulted in silicification and chloritization 
Ti shows similar trends to A l .
FIGURE IV-14 Distribution and co n c e n t r a t i on  of important
alteration minerals in the vicinity of 
Kangiara. The concentrations of quartz, 
chlorite and sericite were determined from 
x-ray diffraction tracings of whole rock 
samples using a method outlined by Ayres 
(1974). X-ray diffraction peaks used were:
o o
quartz - 4.26A; chlorite - 7.0A; and sericite
o
10A. Number of points used: 65
Figure IV-14A Figure IV-14B Figure IV-14C
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collected near Kangiara. When more than 
one analysis was available from a single 
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CHAPTER V
FEATURES OF OTHER DEPOSITS IN THE KANGIARA REGION
Deposits Similar to the Kangiara Mineralization
Surrounding Kangiara are a number of deposits which 
have some features similar to the Kangiara mineralization 
(Figure 1-2). For the most part they represent the vein and
disseminated type of mineralization of the Kangiara mine ---
illustrated by similarities in host rock, wall-rock alter­
ation, mineragraphic textures, sulphide mineral assemblages, 
and major element and trace element chemistry of the sulphide
minerals (see Chapter VI). One exception exists ---  the
Spion Kop mine, which is in part similar to the massive 
mineralization of the Kangiara mine.
The Spion Kop mine occurs within the Hawkins Volcanics 
approximately 12 km south of the Kangiara mine (Figure 1-2). 
Volcanic rocks adjacent to the mineralization are rhyolitic 
to rhyodacitic in composition. Wall-rock alteration includes 
sericitization and silicification. Analyses of represent­
ative altered (sericitic) host rocks (Appendix 2) indicated
high Si02 and K 20 and low A1 2C>3 , FeO, CaO and N a 20 values ---
probably related to the breakdown of feldspar and ferro- 
magnesian minerals, and the subsequent redistribution of 
elements within the immediate environment. The anomalous 
concentrations of S, Ba, Pb and Zn were the result of intro­
duction by hydrothermal fluids during wall-rock alteration.
Sulphide mineralization at the Spion Kop mine represents 
a low grade disseminated type. Maximum width of the mineralized
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zone is 26 m, with a combined Cu, Pb and Zn content of less 
than 1 per cent (Normand and Brown, 1973, unpubl.). In part 
the disseminated mineralization grades into massive ore
---  with an assay value as high as 4.3 % Zn, 12.2 % Pb and
4.8 % Cu (Normand and Brown, 1973, unpubl.). This massive 
ore, however, varies in width from only several millimetres 
to about 3 m. The mineralization is a lead- and zinc-rich 
type (Stanton, 1972). Stanton (1972) illustrated a correl­
ation between Pb and Zn in stratiform deposits. There is a 
poor correlation of Pb values when plotted against Zn values 
for the Spion Kop mine.
The main sulphide minerals identified from Spion Kop 
are pyrite, sphalerite, galena, chalcopyrite and argentian 
tetrahedrite. Gangue minerals include quartz and chlorite. 
Examples of sulphide mineral textures and paragenesis are 
depicted in Plates 9A and 9B with the important mineragraphic 
and chemical features summarized in Table V-l.
The Marie Corelli mine area (Figure 1-2) is underlain 
by volcanic tuffs, rhyolitic to rhyodacitic in composition 
(Appendix 2), as well as silicified sedimentary units of the 
Hawkins Volcanics. On the western side of the mine area, 
the Hawkins Volcanics are overlain unconformably by tuffs, 
andesitic in composition (Appendix 2), of the Mountain Creek 
Volcanics.
Sulphide mineralization at the Marie Corelli mine is 
characterized by chalcopyrite, galena or sphalerite, occurr­
ing as monomineralic veins or disseminations. The gangue 
consists of quartz, occasionally calcite, and the host rock






Miner agr aphi c
Euhedral to subhedral; contains inclu­
sions of gl,, s p . c p . & gan g u e ; "atoll­
like" & colloform textures p r e s e n t .
Some grains fractured with fractures 
infilled with gl. & cp.
Discrete masses a s s o c . with qtz. (chert)
—  masses are angular to subrounded & 
some probably represent broken fragments, 
also occurs interstitial to qtz.grains & 
g l . , & as inclusions in p y .; yellowish- 
white internal reflection; lacks colour 
zoning; normally shows mutual boundaries 
against cp.; contains inclusions (&/or 
"exsolutions") of cp. - up to 5% of s p . 
host —  either randomly distributed or 
aligned along crystallographic p l a n e s ; 
also contains g l . inclusions.
Irregular shaped masses interstitial to 
sp. , p y . and qtz.; occasionally discrete 
masses a s s o c . with qtz. (chert); also 
present as inclusions in p y . & sp.
Chemical
Stoichiometric (Fe:S = 1.2.02); no chemical 
zoning detected; trace Cu may be due to cp. 
inclusions; presence of Au & Mo possibly 
related to native gold & sulphosalt inclu­
sions .
Low Fe content & lacks chemical zonation; 
moderate Cd content & low Mn content; Cu 
detected — probably related to cp. inclusions 
high Ag & Sb v a l u e s , & the occurrence of Au 
possibly related to argentian tetrahedrite 
&/or freibergite (&/or Ag Au alloy).
Values of A g , Sb, B i , Cd & Sn reported by 
Harris (1965, unpub1.) are within the range 
of values obtained for the Kangiara mine.





Minor component of mineralization, but 
present in all specimens examined; discrete 
masses & infilling interstices between py.
& sp. grains; within fractures in py.; 
inclusions (&/or "exsolutions") in sp., 
some parallel to sp. (Ill) twinning plane; 
simple lamellar twinning observed in 
etched grains. ............
Stoichiometric — m e t a l :sulphur ratio = 
1.027 ± 0 . 0 1 0  (x  ± l a ) .
Argentian
Tetrahedrite
Typically sub-rounded grains within sp. 
& g l ., & juxtaposition to p y .
Contains moderate to high Ag, hence 
argentian tetrahedrite in terms of 
tetrahedrite - freibergite series; similar 
composition to samples analysed from Kangiara 
mine .
Chlorite
Typically lath-shaped grains Mg-rich compared to chlorite from other 
deposits & in the Hawkins Volcanics; (FeO(tot)/ 
MgO = 1.03 ± 0.03; FeO . /FeO , . + MgO 
+ MnO = 0.50 + 0.01). 1 ' ltot)
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itself. Mineralization on the mine dumps was dominated by 
chalcopyrite and pyrite, although pyrite, chalcopyrite, 
galena and sphalerite were all encountered in diamond drill 
holes (Holmes, 1972, unpubl.)• Associated wall-rock alter­
ation includes silicification and sericitization, and minor 
chloritization. In addition to pyrite, sphalerite, galena 
and chalcopyrite, bismuthinite was observed in polished 
sections. The chemical and mineragraphic features of the 
main sulphide minerals are summarized in Table V-2.
Other deposits in the Kangiara region with some features 
similar to the Kangiara mineralization include The Victory 
mine, Last Chance mine, Bachelors Reef, Wallah Wallah copper 
mine, Mayfield copper mine and Langs Creek mine, as well as 
an unnamed prospect 9 km south-east of Kangiara (Prospect No. 1) 
(Figure 1-2). They all occur within the Hawkins Volcanics, ' 
are characterized by Pb and/or Cu mineralization, have quartz 
as the principal gangue mineral, and their wall-rock alteration
is of limited extent (or even non-existent ---  Last Chance
mine and the unnamed prospect) consisting of silicification 
and/or sericitization.
Rays Prospect, Skarn Deposits, and Mineralization 
in Limestones and Ordovician Sedimentary Rocks
Sulphide mineralization at Rays prospect, in metamorphic 
f associated with limestone units and within the 
Ordovician sedimentary rocks, all contrast in terms of
general features ---  with the Kangiara-type mineralization
in the Hawkins Volcanics. The most significant features of 
the types of mineralization in the Kangiara region are given 
in Table V-3.





Present as both isolated & clusters of 
grains? typical grain shape is euhedral? 
grains contain inclusions of g l . & c p .
Co:Ni > 1? moderate Mn & Mo c o n t e n t - 
the range of values obtained for the 




Discrete masses —  normally monomineralic? 
inclusions (" exsolutions '*) —  subrounded 
in shaped within sphalerite.
Stoichiometric (metal:sulphur ratio = 1.03; 
contains moderate to high Bi —  possibly 
reflects inclusions of bismuthinite.
Irregular shaped masses disseminated in Low Fe content (3.1 ± 1.5 FeS mol. %) , & 
Sphalerite host rock & assoc, with other sulphides, typically chemically zoned. Ti value is
equigranular texture when assoc, with gl. similar to White Flag mine? moderate Bi is
abnormal, possibly indicating bismuthinite 
................  inclusions................
Moderate Bi & low Sb content —  similar to 
trace element composition of Kangiara mine 
vein mineralization.
Bismuthinite Anhedral masses? inclusions in cp. &
disseminations in host rock.
Covellite Secondary alteration of cp.
Discrete masses? disseminations in host 
Galena rocks? infills fractures in qtz. & sp.
grains? equigranular texture in assoc, 
with sp.
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TABLE V - 3 F e a t u r e s  o f  t h e  M i n e r a l i z a t i o n  i n  t h e  K a n g i a r a  R e g i o n
Feature Kangiara-type Rays prospect M i n e r a l ’n in 1st Skarn O r d o v i c i a n
Host Rocks Dacite to rhyolite 
tuff, but t y p i c a l ­
ly rhyolite.
Dacite tuff & 
sedimentary 
u n i t s .
L s t . - rocks partly 
r e c r y s t a l l i z e d .
Skarns/hornfels 
w i thin dacite to 
rhyodacite tuff.
M e t a m o r p h o s e d  





commonly u n d e ­
formed; no 
apparent s t r u c t ­
ural c o n t r o l .
Host rocks are 
sheared; no 
apparent s t r u c t ­
ural c o n t r o l .
Host rocks partly 
deformed; no 
apparent s t r u c t ­
ural c o n t r o l .
Satellite l i n e a ­
ments are 
possibly related.
W a llah W a l l a h  Ag 
mine occurs in the 
axial plane of a 
fold structure.
A l t e r a t i o n S i l i e i f i c a t i o n , 
c h l o r i t i z a t i o n , 
se r i c i t i z a t i o n  & 
a r g i l l i z a t i o n .
No apparent 
a l t e r a t i o n .
No apparent 
a l t e r a t i o n .
Epido t i z a t i o n  
and c h l o r i t i z ­
ation .
S i l i c i f i c a t i o n
Shape L e n t i c u l a r  & 
c o n f o r m a b l e  with 
the country rock 
or irregular 
sKape t r a v ersing 
c o u ntry rock.
Irregular shape 
traversing 
country r o c k .
Irregular shape 
traversing 
country r o c k .
L e n t icular and 




r o c k .
C o m p o s i t i o n M a s s i v e  —  c o n s i s t ­
ing of zones of 
di s t i n c t  m i n e r a l ­
ogy; d i s s e m i n a t e d  
& vei n  m i n e r a l ­
ization.
Diss e m i n a t e d  & 
vein m i n e r a l i z ­
ation.
D isseminated & 
vein m i n e r a l i z ­
ation .
Ma s s i v e  —  consist' 
ing of zones of 
di s t i n c t  m i n e r a l ­
ogy.
- D i s s e m i n a t e d  & 
vein m i n e r a l i z a t i o n
TABLE V - 3 (CONT.) F e a t u r e s  o f  t h e  M i n e r a l i z a t i o n  i n  t h e  K a n g i a r a  R e g i o n
Feature Kangiara-type Rays prospect M i n e r a l 'n in 1st. Skarn Ordovician
Main
Mineralogy
P y , sp (Fe p o o r ) , 
cp, gl, ma, 
tetra, bismuth- 
inite, Ag, & A g A u .
P y , sp (moderate 
to high F e , 
moderate M n ) , 
cp, gl, pyrr, 
ma & tetra.
Py, sp (moderate 
F e ) , gl & cp.
Py, pyrr, mt, 
cp, gl, sp 




Py, aspy, gl, 





r u t i l e .
Ore
Textures









p y r i t e ) .
Simple Simple Complex —  
compositional 
banding, collo- 




py r i t e ) .
Complex —  
recrystallized & 
deformational 
t e x t u r e s .
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Disseminated and vein mineralization is present at Rays 
prospect at the contact of the Hawkins Volcanics and the 
Mundoonen Sandstone (Figure 1-2). The main rock type of the 
Hawkins Volcanics in the prospect area is a dacite (Appendix 
2 ), and in terms of the percentage and composition of the 
phenocrysts is a pheno-dacite (Streckeisen, 1967, p.178) 
(Appendix 3). The Mundoonen Sandstone is composed mainly of 
steeply dipping quartzites, sandstones and shales. The 
sulphide mineralization occurs in both the Hawkins Volcanics 
and Mundoonen Sandstone, is not concentrated within any 
particular rock type, and appears erratic in occurrence. No 
distinct alteration zone exists surrounding or adjacent to 
the sulphide mineralization, and thus there is a contrast 
with the Kangiara mineralization. Quartz and pyrite veins 
are the only obvious secondary features associated with the 
Cu, Pb and Zn mineralization. Apart from local variations 
in abundance of the mineral phases the appearance of the 
mineralization in both formations appears identical. The 
main sulphide minerals (recognized in polished sections) 
include pyrite, galena, sphalerite, chalcopyrite, pyrrhotite 
and marcasite. Quartz and the host rocks constitute the 
g angue.
Numerous calc-silicate hornfelsic bodies or skarns 
occur within the Hawkins Volcanics in an area north and 
north-east of Kangiara (Figure 1-2). Only at the Red Hill 
copper mine and the B520 prospect is significant sulphide 
mineralization present (principally as Fe-sulphides) within 
these skarn deposits (Plates 9C and 9 D), with minor sulphide
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mineralization in a number of unnamed skarn deposits near 
Rye Park. At the Rye Park tungsten mine a trace amount of
sulphide mineralization is present ---  as molybdenite within
the scheelite deposit.
Sulphide mineralization in limestone units of the 
region are normally present as fine stockwork and pods, or 
associated with quartz and/or calcite veins. Minerals 
present include galena, sphalerite, chalcopyrite, pyrite and 
marcastite. Of significance are the moderate Ag content of 
galena (Appendix 12), and the moderate Fe, Mn and Cd contents 
of sphalerite (Appendix 11) from this type of mineralization. 
This indicates that the mineralization is not similar to the 
"Mississippi Valley" type mineralization (Stanton, 1972) 
which, although associated with limestones characteristically 
has Ag-poor galena, and Fe- and Mn-poor and Cd-rich sphalerite.
East of Rye Park there are a number of sulphide base- 
metal deposits. The Wallah Wallah silver mine was the most 
significant in terms of production (Felton, 1975). Its host 
rocks are quartzites and slates of the Jerrawa Beds, with 
the mineralization being described by Felton (1975, p.185) 
as vein-type, partly lenticular in shape. The mineralization 
consists of iron-rich sphalerite; sometimes extremely 
zoned, arsenopyrite, pyrite and galena, with minor amounts 
of specular hematite, stannite, tetrahedrite, cassiterite(?) 
and rutile(?) (see Plates 9E and 9F). The gangue includes 
quartz, limonite and the host rocks. Silicification has 
accompanied the mineralization, and vugs lined with small 
quartz crystals are common.
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CHAPTER VI
CHEMICAL COMPOSITION OF THE SULPHIDE MINERALS 
AND CHLORITE: INTER-ELEMENT CORRELATIONS AND 
COMPARISON BETWEEN DEPOSITS
Major Elements
Pyrite from 9 of the deposits in the Kangiara region 
was analysed by electron microprobe for its major and 
minor element composition (Appendix 5). Comparison of 
results shows a range in iron : sulphur ratio in pyrite from 
1 : 1.97 (Democrat mine) to 1 : 2.11 (White Flag mine); both 
deposits in the Kangiara group of mines. All other deposits 
have approximately stoichiometric values for pyrite. As the 
9 deposits studied are diverse, this indicates that the type 
of deposit in the region is not the major influence on 
pyrite's major and minor element composition. Variations 
which occur may be a result of different availabilities of 
elements during sulphide mineral formation (see Chapter 
V I I I ) .
Major element and minor element composition of sphalerite 
varies between different deposits in the region (Appendix 
6 ). Sphalerite from the Kangiara mine and other similar 
deposits has a low Fe content, but this varies in sphalerite 
with "concentric zonation". In terms of the average 
sphalerite metal : sulphur ratio, variation in values is 
random, with no systematic trend apparent, either within or 
between the Kangiara-type deposits. The sphalerite from 
Rays prospect contains a noticeably higher Fe and Mn content
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than the Kangiara-type mineralization. Sphalerite from both 
the Pudman Creek and B520 prospects have similar composition, 
suggesting that these two prospects may be genetically 
related. An extreme variation in the Fe content of sphalerite 
characterizes the Wallah Wallah silver mine. The West 
Wallah Wallah silver mine lacks chemical zoning and is 
"marmatite" (Fe-rich sphalerite).
Thirty-one chalcopyrite samples from sixteen deposits 
in the Kangiara region were analysed for their major element 
composition (Appendix 7). Obvious trends or distinct values 
for particular deposits appear to be lacking. Most of the 
values for the various samples illustrate the strong stoich­
iometric nature of chalcopyrite. The high Fe values for 
chalcopyrite associated with magnetite and pyrrhotite from 
the B520 prospect, and from the Kangiara pyritic ore, may 
possibly suggest that paragenesis influences the composition 
of the chalcopyrite (although the high Fe could be due to 
minute inclusions).
The composition of minerals in the tetrahedrite-freiberg ite 
series from Kangiara and Spion Kop mines are similar (Appendix 
8 ), suggesting that these deposits are possibly related.
All chlorite analysed from the region is of FeMg- 
chlorite composition (Shirozu, 1974) (Appendix 4). Two 
significant features are illustrated from the results.
Firstly, chlorite in the host rocks of Marie Corelli and 
White Flag mines is similar to chlorite in the regional 
("unmineralized") volcanic rocks. This implies that main rock 
alteration of these two mines (silicification and seriticization)
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has not chemically affected or influenced the chlorite 
compositions. Secondly, the high Fe content of chlorite 
within chloritized volcanic rocks from Kangiara mine, and 
high Mg content of chlorite gangue in Spion Kop mineraliz­
ation probably reflects different conditions in the physico­
chemical environment of formation of these deposits (cf. 
discussion in Chapter VIII).
Trace Elements
Comparisons have been made with other studies. However, 
the work of Fleischer (1955) is one of the few major compil­
ations, and hence much of the discussion refers to his work.
Pyrite
Fifty pyrite separates from the Kangiara region were 
analysed for eight minor and trace elements, viz. Ag, Co,
Cu, Mn, Mo, Ni, Pb and Ti by the "1:1*1 method"emission 
spectrography (see Chapter II). In addition, 34 of these 
separates were also analysed by "Tennant's" emission spectro- 
graphic method (see Chapter II) for a further eight elements 
As, Bi, Cd, Ga, In, Sb, Sn and Zn. A summary of results is 
presented in Appendix 9.
The minor and trace elements have cumulative plots 
approaching a log-normal population (Figure VI-1). (Often a 
considerable proportion of the elements in separates have 
concentrations below level of detection of the analysis 
technique, and hence there is the possibility that one or 
more additional populations occur for those elements below 
their respective detection limits.) Only log-transformed 
(to the base 1 0 ) data was used when carrying out multi-variate 
techniques (Appendix 1).
FIGURE
pyrite from the Kangiara region, based on 
50 pyrite samples.
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Loftus-Hills and Solomon (1967) postulated that Co : Ni 
ratios may be potentially useful as discriminators between 
magmatic-hydrothermal and sedimentary environments. However, 
no distinction can be made (using this ratio) between the 
various types of mineralization in this present study. 84% 
of the samples (with detectable Co and Ni) have a Co : Ni 
ratio greater than 1. As pointed out by Fleischer (1955) 
the Co content is normally greater than the Ni content in 
pyrite from sulphide mineral deposits, although many except­
ions have been reported.
C0 S 2 > NiS 2 an<  ̂ Mn^ 2 (as stated previously) are all 
isostructural with pyrite (FeS2 ). A complete series appears 
to exist with C0 S 2 and N i S 2  ̂ but the type of bonding is 
apparently different with MnS2 (Fleischer, 1955, p.1005), 
resulting in only very limited replacement of Fe by Mn. The 
Co : Mn : Ni triangular diagram (Figure VI-2) shows that 
pyrite from the Kangiara mine, Red Hill copper mine, other 
deposits, volcanic rocks, and quartz veins all have over­
lapping fields, with a cluster of points near the Co apex. 
Pyrite from Rays and B520 prospects lie near the Mn apex, 
although pyrite from the B520 prospect overlaps with the 
cluster of points near the Co apex.
A discussion of the cluster analysis technique used in 
this present study (Appendix 1) has been given by Rhodes 
(1969, pp.224-226). With the cluster analysis of geochemical 
data the requirement that variables (elements) are orthogonal 
(i.e. non correlated) cannot be met (Chayes, 1971). All 
elements chemically analysed were used in the cluster analysis
FIGURE VI-2 The Co, Ni and Mn ratio for 50 pyrite
samples from the Kangiara region. In 
the diagram nx (where n is limit of detect­





irrespective of their inter-element correlation. Cluster 
dendrograms, due to the statistical techniques involved in 
their computation, have distorted values compared to the 
original values of the similarity matrix (Rhodes, 1969 ;
Davis, 1973; and Hesp and Rigby, 1973a). However, as will be 
shown, the results of cluster analysis (both for pyrite and 
whole rock analysis) compared to the results of other 
techniques (for example, field mapping and petrography) are 
in general agreement.
Cluster analysis of the 50 pyrite separates, using 
elements A g , Co, Cu, Mn, Mo, Ni, Pb and Ti, shows that 
pyrite of the Kangiara region can be divided into two main 
groups (Figure VI-3; Table VI-1). The first group (Group A) 
corresponds to those samples from sulphide base-metal mineral 
deposits, and the second group (Group B) contains samples 
from skarn mineralization, volcanic rocks and quartz veins. 
Table VI-1 shows that Ag is the most significant element for 
the "separation" of these two groups. Mann-Whitney U test 
(Siegel, 1956) was used to determine the statistical confid­
ence level at which the two groups are distinct —  —  the 
elements Ag, Pb, Cu, Mn, Mo and Ti are highly significantly 
different (99.99% level), Ni is different at the 99% level, 
and Co shows no significant difference. These results are 
(partly) to be expected, with pyrite from sulphide base- 
metal mineralization having higher Ag, Cu, Pb and Mo contents.
R-mode factor analysis (Davis, 1973) (Appendix 1) of 
the 50 pyrite separates has the first 2 factors with 
eigenvalues greater than unity, and explains 62.70% 
variance of the data (Table VI-2). The 1st factor,
FIGURE VI-3 Cluster dendrogram of pyrite from the 
Kangiara region, based on 8 trace elements 
(Ag, Co, Cu, Mn, Mo, Ni, Pb and Ti) in 50 
pyrite samples. The computer program 
"MULCLAS" (Appendix 1) was used, a poly- 
thetic agglomeratic classification program 
based on a combinatorial strategy (Lance and 
Williams, 1967; 1970, u n p u b l .). The crit­
erion for similarity was based on the 
"Euclidean distance", standardized using 
the technique of Burr (1968). In calcul­
ating the "distance" between two samples, 
the differences between standardized var­
iables were squared, summed and the square 
root of the sum was divided by the number 
of variables. The hierarchical dendrogram 
was constructed from the "distance" matrix 
using the "Group Average" sorting technique 
(Lance and Williams, 1967; 1970, unpubl.).
Group A includes samples; 6945-6960, 6962, 
6963, 6965-6971, 6975, 6984, 6986 and 6994.
Group B includes samples; 6961, 6964, 6972­









Table VI-1 Two Main Groups of Pyrite 
from the Kangiara Region










Ag 78 6-300 2 nl-15 31.09 99.99
Pb 4609 60-1% 253 n20-1000 18.83 99.99
Cu 3185 nl-1% 109 nl-800 17.07 99.99
Mn 12 nl-250 91 nl-400 11.20 99.99
Ti <30 n30-80 236 n30-1500 7.88 99.99
Co 81 nl0-250 179 nl0-1000 2.08 _ 6 .
Ni 14 n3-100 25 n3-100 1.19 99
Group A contains samples associated with Cu-Pb-Zn mineralization. 
2* Group B contains samples associated with skarn mineralization, 
quartz veins and volcanic rocks.
3* Attribute contribution % = % contribution of a particular element 
for the "separation" of the groups.
14' Confidence level % was determined using Mann-Whitney U test 
(Siegel, 1956).
5* Mean = Geometrical Mean (Miesch, 1976).
6* No significant difference.
# 11 5Table VI-2 (i) Eigenvalues and Cominunality Percentage^ *
of Factors in R-mode Analysis of 50
Pyrite Samples from the Kangiara Region.
Factor Eigenvalue Percentage of Communality over
All (8) Factors 2 Rotated Factors
% Cum. % % Cum. %
1 3.2395 40.5 40.5 69.4 69.4
2 1.7726 22.2 62.7 30.6 100.0
3 0.7287 9.1 71.8
4 0.6685 8.4 80.1
5 0.5822 7.3 87.4
6 0.4854 6.1 93.5
7 0.3888 4.9 98.3
8 0.1344 1.7 100.0
Note: Following the procedure outlined by Davis (1973) only
the eigenvectors with eigenvalues larger than 1.0000 
were retained and used in Table VI-2 (ii).
Table VI-2(ii) R-mode Rotated Factor Loadings and
Communality of 50 Pyrite Samples from
the Kangiara Region
Element Communality Factor Number
2 Factors 1 2
Ag 0.9308 0.9235 -0.2792
Co 0.4035 -0.0818 0.6299
Cu 0.5531 0.7339 0.1204
Mn 0.3937 -0.3437 0.5250
Mo 0.3053 0.5425 -0.1047
Ni 0.4369 0.0580 0.6584
Pb 0.6090 0.7431 -0.2384
Ti 0.4533 -0.1744 0.6503
Note: Values higher than the critical value of 0.4430 are 
99.9% significant.
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characterized by significant positive correlations with 
Ag, Cu, Mo and Pb, reflects an association with sulphide 
base-metal mineralization, while the 2nd factor has 
significant positive correlations with Co, Mn, Ni and Ti, 
reflecting extensive substitution of Fe by these elements 
in the pyrite crystal.
Q-mode factor analysis (Davis, 1973) (Appendix 1) of 
the 50 pyrite separates gave less meaningful results than 
the R-mode factor analysis. The first 3 factors accounting 
for only 52.88% variance of the data and the first 7 factors 
only 73.27% (Table VI-3). The 1st factor is related to 
sulphide mineralization. The plots of 1st factor versus 2nd 
factor, 1st factor versus 3rd factor and 2nd factor versus 
3rd factor, illustrate a very broad scatter of points, 
with no distinct clustering.
Non-normal data distributions and non-quantitative 
analyses weaken or invalidate parametric statistical tech­
niques (Siegel, 1956) (which include product moment comput­
ations of strengths of associations between elements). For 
this reason the non-parametric Spearman rank correlation
coefficients (r ) were determined to test inter-elements
correlations. The r values equivalent to the variouss
confidence levels were determined using the following formula, 
which is based on Kendall (1948, pp.47-48) and Siegel (1956,
p.212) :
where N = number of samples and t * student's t (at a 
specific level of significance).
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Table VI-3 Q-Mode Factor Variance and Factor 
Element Correlations for 50 Pyrite 
Samples from the Kangiara Region.
Factor 1 Factor 2 Factor 3
Factor Variance 30.62% 14.92% 7.35%
Cum.Factor Var. 30.62% 45.53% 52.88%
Ag 0.9215 0.2175 0.0217
Co -0.3880 0.5448 0.0963
Cu 0.6429 0.5438 0.2219
Mn -0.6731 0.4507 0.4325
Mo 0.5944 0.2535 -0.1084
Ni -0.3093 0.7437 -0.5444
Pb 0.8135 0.1918 0.0292
Ti -0.4758 0.4532 -0.1142
Note: Values higher than the critical value of 0.4430 
are 99.9% significant.
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The mineragraphic examination of the pyrite separates 
showed that chalcopyrite, galena and sphalerite (in polished 
section) commonly occur as inclusions in pyrite from the 
sulphide base-metal deposits in the Kangiara region, and 
hence it is important to differentiate trace elements 
associated with foreign inclusions and those occurring 
within the pyrite crystal. It may be that elements signific­
antly correlated (99%) with one or more of three chalcophile 
elements (Cu, Pb and Zn) are partly related to the inclusions 
(chalcopyrite, galena and sphalerite respectively).
Using the 99% level of significance (Table VI-4) Cu is 
significantly correlated to Ag, Pb, Zn, In and Bi; Pb to Ag, 
Cu, Zn, Sb, In and Cd; and Zn to Ag, Cu, Pb, Sb, Cd and As.
In addition to these significant correlations, only one 
significant correlation remains and that is between Ni and 
Mn --- both elements substitute for Fe in the pyrite crystal.
Analysis of the two separate groups of the 50 pyrite 
separates (Table VI-5) illustrate that Group A possesses 
correlations of Pb with Ag and Cu only, while Group B has Co 
correlated to both Ti and Ni, and Ni correlated to Ti.
Within these two groups Mn is not significantly correlated 
with any other element. The correlations of Cu and Pb is 
explained by chalcopyrite and galena inclusions in the 
pyrite separates. Isomorphous substitution of Fe in pyrite 
for Co or Ni (or both) is apparently common with pyrite from 
skarn mineralization, volcanic rocks and quartz veins. The 
inter-element association of Ti may be related in part to 
the presence of rutile inclusions which have been confirmed 
in one polished section from the volcanic rocks.
Table VI-4
Spearman Rank Correlation Coefficient Matrix of Trace Elements in Pyrite from the 
Kangiara Region (34 samples, 16 elements)
Co - .1 8 5 7
Cu .7821 . 2145
Mn - .3 7 9 4 . 3783 - . 2 4 3 2
Mo .4676 - .1 9 8 1 . 3819 - .1 1 8 2
Ni .0433 . 3879 . 1477 .4620 -  .0293
Pb .8203 - . 1 9 0 3 .6919 - .2 5 5 5 .3827 - .1 0 6 3
Ti .0797 . 1960 . 1489 . 1944 . 0426 . 3055 . 1003
Zn .6845 - . 3 0 5 8 . 5711 - .4 0 3 8 . 3739 - .3 8 9 4 . 7181 - .0 3 4 3
Sn .0334 - .2 8 0 5 - .0 1 3 6 - .1 4 4 3 - .1 3 2 6 .2353 .0603 - .2 2 1 5 -  .0874
Sb . 5068 - .4 4 7 8 . 1067 - .4 2 1 5 .4521 - .1 8 1 3 .4816 - .0 7 7 8 .6352 . 1384
Gel - . 0 6 3 0 .0151 - .1 3 6 9 .4195 . 1723 .1850 .0217 .3965 .1049 - .0 0 4 3 .1031
In .4349 - .2 1 4 2 .4211 - . 3 0 3 3 .2031 - .0 2 1 4 .4658 .0429 .2388 . 3065 .0844 - .0 9 4 7
Cd .5164 - . 3 1 7 4 .2456 - .3 9 4 7 .2514 - .3 5 1 4 .4848 -  .0673 .7951 .0523 .6261 .1503 .2039
Bi .4088 .2943 .7155 .0625 .0554 .3377 . 3612 -  .0040 . 1097 .2042 - .2 5 0 1 - .0 8 8 8 .4709 -  .0293
As .2067 - . 1 7 7 3 .0418 - .1 8 6 3 . 3892 .0259 .1668 .2613 .4372 - .0 3 7 7 .6369 . 1294 -  .0483 .4521 - .1 7 6 3
Ag Co Cu Mn Mo Ni Pb Ti Zn Sn Sb Gd In Cd Bi
Note: 99.9% le v e l  o f  s ign if ican c e
99.0% level of significance





Rank Correlation Coefficient Matrix of Trace 
in Pyrite from Mineral Deposits in the 
Region (Group A) (29 samples, 8 elements).
Co -.2254
Cu .4209 . 2752
Mn .0144 . 2539 .1236
Mo .1039 -.1690 .1627 .0187
Ni .0914 . 0531 .3319 .1844 .1589
Pb . 6545 -.1287 .4965 .2511 . 0588 -.1824
Ti . 1611 -.1725 . 4089 -.2352 . 2876 -.1640 .2600
Ag Co Cu Mn Mo Ni Pb
Spearman Rank Correlation Coefficient Matrix of Trace 
Elements in Pyrite from Volcanic Rocks, Quartz Veins 
and Skarn Deposits in the Kangiara Region (Group B) 
( 2 1 samples, 8 elements).
Co .0589
Cu -.0869 .2561
Mn .0486 .1372 .4276
Mo -.1960 -.1685 .1412
Ni . 2919,_ .5525 . 3234
Pb . 3958 -.0638 -.3610




0270 -- .0528 .0668
2153 .0238 . 7482 .1538
Mn Mo Ni Pb
N o t e :
■ -■= 9 9.9% level
----- 99.0% level
The critical value 
with the number of
of significance
of significance
for the level of significance
samples used in the analysis.
varies
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The areal distribution of the elements Ag, Co, Cu, Mn,
Mo, Ni, Pb and Ti is apparently random, with the type 
of deposit (or sample) being the most important factor 
influencing the concentrations.
Chalcopyrite, Sphalerite and Galena
The results of the emission spectrographic analyses of 
chalcopyrite, sphalerite and galena are shown in Appendices 
10, 11 and 12, and the Spearman rank correlation matrices 
are presented in Tables VI-6, VI-7 and VI-8.
Important features and variations of the occurrence of 
the trace elements in chalcopyrite, sphalerite and galena 
are discussed below.
Silver was detected in all chalcopyrite, sphalerite and
galena separates analysed. As has been pointed out by
Fleischer (1955) and Rayner (1969) Ag is universally present
in chalcopyrite, but no explanation has been given for its
occurrence. It is significant to note that chalcopyrite
from the unnamed prospect 9 km SE of Kangiara, although
containing Ag, did not have Pb (nor Sn) in amounts above the
level of detection. Therefore it is postulated that part of
the Ag content in the chalcopyrite separates occurs within
the chalcopyrite itself. Taylor (1965) stated that Ag is
similar to Cu, has two valency states, Ag+ and Ag2+, with Ag2+
2+ , . .being able to enter Fe lattice sites. Hence it seems likely
7 4 - n  I, o  i
that Ag is present and enters into both Fe and Cu^ 
positions in the chalcopyrite crystal.
2 +Ag in sphalerite may be due to substitution for Fe , 
or be merely a measure of the amount of impurities in the
Table VI-6
Spearman Rank Correlation Coefficient Matrix of Trace Elements in Chalcopyrite
from the Kangiara•Reg ion
Bi . 3227
Cd .0418 -.2929
In .4748 .4100 -.0160
Mn -.4902 .0552 .0113 -.1757
Mo .4190 .4178 -.0291 .8737
Pb .6028 .2213 . 3876 . 3344
Sn . 5642 . 3402 .1892 .4420
Ti -.2234 -.1809 .3119 -.1229
Zn .5164 .1245 .7079 .2401
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Co - .1 8 2 8 - .1 4 3 9 .2921
Cu .3000 .4360 .0024 - . 4 5 9 9
Fe - .3 0 8 6 - . 2 3 7 0 . 3452 .2035 - .4 5 0 0
Ga .0358 - . 4 8 8 8 - . 1 3 1 1 - .1 2 2 6 - .1 6 3 7 - .3 1 7 4
In - .2 2 9 4 .0774 .5302 .1387 - .1 7 9 9 .5934 - .3 6 3 0
Mn - .2 6 4 8 - .3 6 0 7 - .1 1 0 7 .3664 - .2 8 4 9 .4024 - .2 7 9 3 .2959
Pb .1487 .0338 - . 2 8 9 0 .4401 - .0 5 0 7 - .2 4 3 3 - .3 1 3 3 - .2 7 5 8 .4139
Sb .6760 .7796 .2071 - . 2 2 2 7 .2781 - .3 5 2 6 - .3 1 0 6 - .1 7 5 8 - .4 7 1 0 .1519
Sn .3668 .2990 .2494 - .5 3 3 3 .3625 - .2 4 3 4 .0936 .4073 - .2 8 9 5 - .3 4 6 2 . 3441
Ge .4417 .1673 - . 0 3 6 2 .2980 .0242 - . 4 4 1 7 .1291 - .4 2 4 0 .2794 .6057 .2036 - .1 4 2 2
Bi - . 3 6 4 1 .0690 .2531 .3014 .2163 .4439 - .6 0 7 8 .5498 .2096 .0282 -  .2096 - .0 1 2 3 - .2 8 4 3
Mo - . 0 0 6 1 - . 1 4 6 5 - . 7 7 1 3 - .3 3 9 4 . 3710 - .6 1 9 7 .1328 - .6 8 6 7 - .1 0 0 7 .3169 .0884 - .0 8 0 9 .2403 - . 2 1 3 7
Ti - . 4 3 6 1 - .6 6 2 6 - .3 1 3 6 - . 1 7 1 2 - .1 7 1 2 .4973 .0000 .2114 .5028 .0114 - .4 6 5 8 .0392 - .2 7 8 7 .2201 .0543
Ag Au Cd Co Cu Fe Ga In Mn Pb Sb Sn Gg Bi Mo
99.0% level of significance
Note: roco
Table VI-8
Spearman Rank Correlation Coefficient Matrix of Trace Elements in Galena
from the Kangiara Region
Bi -.4110
Cd .4493 .2765
Cu .1144 .5789 .5520
Ga .1594 .5654 .6938 .7514
In -.0327 .5679 .7029 .3631
Mo .2236 .6508 .5165 .7818
Sb .8535 -.3112 .6005 .2752
Sn .2752 -.0953 .2831 .4934
Zn .5013 .2507 .8701 .6457










.8562 .5468 .7162 .6058 .1032
Ga In Mo Sb Sn
N o t e :
99.9% level of significance 
90.0% level of significance
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separates. All sphalerite separates contained Pb, and hence 
probably some galena. No correlation between Ag and Pb 
occurs, but Ag is significantly correlated to Sb, indicating
that galena is not the major source of silver --- this
probably being Sb-sulphosalt inclusions.
The Marie Corelli mine galena separate had the lowest 
Ag content, while the highest was for the Wallah Wallah 
silver mine. The highly significant correlation (99.9%) of 
Ag to Sb suggests the presence of argentian tetrahedrite, or
freibergite (Sb-sulphosalt) --- confirmed by microscopic
examination of the galena separates.
Gold was detected in only one chalcopyrite separate and 
is possibly related to native gold(?) or electrum inclusions. 
Fleischer (1955) and Nishiyama (1974) both reported that Au 
has been detected in chalcopyrite. Au was detected in four 
of the sphalerite separates. Three of these separates were 
from the massive Kangiara ore, with the fourth from the 
Spion Kop mine.
Bismuth was detected in some of the chalcopyrite, 
sphalerite and galena separates. The occurrence of bismuth 
is probably due to inclusions of the bismuth minerals observed 
in the Kangiara-type mineralization, especially the chalco- 
pyrite-rich type. Bi in chalcopyrite is not significantly 
correlated to any other element (including Pb) (Table VI-6) 
and hence Bi is not associated with galena inclusions which 
had been suggested by Fleischer (1955). It is interesting 
to note that galena from the Wallah Wallah silver mine, 
which contained the highest Ag content, did not contain Bi, 
and hence lacks AgBiS2 (cf. Fleischer, 1955).
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All sphalerite samples analysed from the region con­
tained cadmium, which substitutes for Zn in the crystal 
structure. In the chalcopyrite samples Cd and Ga are sign­
ificantly correlated (99% level of significance) with Zn, 
and all three elements are probably related to sphalerite 
inclusions. Cd occurs in all galena samples analysed and 
is significantly correlated to Zn — —  related to the presence 
of sphalerite inclusions. Within three galena samples no Zn 
was recorded apparently indicating lack of sphalerite inclusions 
(even though Cd was present). This indicates that Cd may 
occur in the galena. The fractionation of Cd between co­
existing galena and sphalerite can be used to determine 
temperature of formations of mineralization (see discussion 
in Chapter VIII).
Cobalt occurs in 12 of the 14 sphalerite samples, a few 
of the chalcopyrite samples (2 out of 17) and none of the 
galena samples. Some of the Co in sphalerite may be present
because of chalcopyrite inclusions --- Rayner (1969, p.88)
stated that Co is a notable element in chalcopyrite from the 
Cobar region, New South Wales. However, Fleischer (1955),
El Shazly et al. (1957), Both (1973) and Nishiyama (1974) 
have noted that Co can be present in sphalerite itself. Co 
is not significantly correlated to Cu, which indicates that 
it is unlikely that Co is present as a result of chalco­
pyrite inclusions. Because of similar ionic valence and
O 0
radius of Co (+2 and 0.72 A) and Zn (+2 and 0.74 A), Co 
presumably substitutes for Zn in sphalerite's crystal lattice.
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All sphalerite and galena samples analysed contained 
copper. Its occurrence probably represents nothing more 
than a measure of the contamination of the samples by
copper minerals ---  in particular, chalcopyrite. Blebs of
chalcopyrite can be observed within both sphalerite and 
galena (in polished section), and stannite (Cu^FeSnS^) has been 
observed from the Wallah Wallah silver mine. In the galena 
separates Cu is correlated with Zn, and with Mo.
Gallium occurs in all sphalerite samples, and according 
to Deer e_t a_l. ( 1966 ) it substitutes for Zn. The results do 
not indicate any significant (at 99% level) correlation of 
Ga to the other elements determined (Table VI-7).
The indium content in the chalcopyrite separates is 
variable and is significantly correlated with Mo (99% level), 
possibly because both In and Mo substitute for Fe in chalco­
pyrite. Most sphalerite samples contain In, which at a 
99% level of significance is correlated to Mo (negative).
The In-Mo relationship in sphalerite possibly arises because 
In and Mo can both substitute for Zn in sphalerite.
Manganese was detected in 10 of the 17 chalcopyrite 
separates, the Last Chance mine having the highest content. 
Chalcopyrite from the massive mineralization of the Kangiara 
mine contained a relatively low amount of Mn compared to 
other deposits. Mn is significantly correlated (99% level) 
with Ti and both elements probably substitute for Fe in 
chalcopyrite. Nash (1975) reported that the Mn content of 
sphalerite varies with its Fe content, but this does not 
appear to be the case with the results in the present study.
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At the 99% significance level there is no correlation between 
Mn and Fe, although the Wallah Wallah silver mine and Rays 
prospect both have high Fe and Mn contents.
Molybdenum in chalcopyrite was detected in all but 
three samples. The strong correlation of Mo-In is interest­
ing and has not been reported by Fleischer (1955) or Rayner 
(1969). Both Fleischer (1955) and Rayner (1969) stated that 
Mo occurs in chalcopyrite, but mentioned nothing about a Mo- 
In relationship. The Spearman rank correlation coefficient 
of 99.9% level of significance indicates that the Mo-In 
association is not due to "statistical chance" or the "closure 
restraint" (Chayes, 1971, p.44). The occurrence of Mo in sphal 
erite may he due to Zn substitution or chalcopyrite inclusions
Tin occurs in all chalcopyrite separates, except from 
the Last Chance mine and the unnamed prospect 9 km SE of 
Kangiara. Sn has a wide spread of values and is not signific­
antly correlated to any other element at the 99% level of 
significance. Fleischer (1955) stated that Sn has been 
detected in chalcopyrite by many research workers. The 
highest concentration of Sn in sphalerite occurred in the 
separate from the Wallah Wallah silver mine and probably 
arises from inclusions of stannite. In the sphalerite 
separates from the Kangiara mineralization the Sn content 
may reflect chalcopyrite inclusions, but El Shazly et. al.
(1957) have reported that some Sn is present in sphalerite 
itself. This is probably the case in the present study 
because there is no significant correlation between Sn and 
Cu. Sn in the galena separates is possibly due to inclusions 
of stannite, chalcopyrite or sphalerite.
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Titanium may follow Sn because the two chalcopyrite 
samples having the highest content of Ti also have the 
highest Sn values. Six chalcopyrite separates have no 
detectable amounts of Ti, with the Kangiara mine (apart from 
the vein mineralization) having low to non—detectable amounts. 
Fleischer (1955), Rayner (1969) and Ilavsky (1976) have 
reported the occurrence of Ti in chalcopyrite. Ti was 
detected in 10 of the sphalerite separates analysed. It is 
possible that Ti in sphalerite is associated with inclusions 
of pyrite or arsenopyrite.
Marcasite
Three samples of marcasite were analysed for their 
trace element contents by emission spectrography (Appendix 
13). The elements A g , Cu, Ga, In, Pb, Sb and Zn show a 
range of values similar to those of the pyrite analyses.
The most noteworthy feature of the analyses is the 
presence of thallium, which was not detected in any of the 
50 pyrite samples analysed. Fleischer (1955) recorded that 
marcasite has an enrichment of TI compared to pyrite, and 
notes that no explanation for this phenomenon has been 
given. De Albuquerque and Shaw (1974, p.81F-7) stated that 
ore minerals which crystallized from colloform solutions
show a strong enrichment of TI ---  indicating that marcasite
is such a mineral* As marcasite and pyrite have the same 
composition (FeS2 ), and both occur at the Kangiara mine 
(within the same mineralization environ) it is probable that 
T I 's exclusive presence in marcasite is due to the crystal
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structure of marcasite. The large Tl atom (ionic radii of 
+ . 0 .
Tl is 1.47 A) possibly substitutes more easily into marcasite's 
orthorhombic structure than pyrite's cubic habit.
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CHAPTER VII
REGIONAL WHOLE ROCK GEOCHEMISTRY AND 
CHARACTERISTICS OF THE HOST ROCKS
Many factors must be considered in interpreting geochem­
ical data, especially when the data represents chemical 
changes in a complex physical and chemical environment. The 
Kangiara region has undergone a number of geological processes. 
This complexity led to the use of a number of statistical 
techniques in an attempt to elucidate some of the important 
geological features in the Kangiara region.
Major Elements and Trace Elements
The raw data of the major oxides appears a good 
approximation of a Gaussian density distribution (normal 
distribution) (Sinclair, 1976). This is illustrated by 
straight lines in the cumulative plots of most of the 14 
major oxides analysed. For this reason the major oxides 
were used in their raw data form.
The frequency distribution histograms for the major 
oxides analysed are shown in Figure VII-1. Three samples 
(7085, 7086 and 7087) from the B520 prospect and one sample 
(7089) from the Humewood mine are distinctively different 
from the other analyses. Disregarding these four samples 
two main distribution forms are present. Si02 , TiC>2 , A12C>2 , 
Fe 20 3 , MgO, P2° 5 ' M n 0 ' H20 + ' H2°” and C02 exhibit unimodal 
distributions, and K 2<0 , Na20 and CaO have histograms charact-
FIGURE v i l - l  Frequency histograms for major oxides of 89
samples from the Kangiara region. (A 
discussion of the distinguished samples is 
in the t e x t .)
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eristic of bimodal distributions. The type of distribution 
of FeO is not well-defined.
The mean value (x), standard deviation (a), range of
concentration and coefficient of variation (C.V. x 100)
x
were calculated for each major oxide of the volcanic rocks 
analysed (Table VII-1). The degree of scatter of the oxides, 
as expressed by the coefficient of variation, is low (<1 0 %) 
for the main constituents of the volcanic rocks (SiC>2 and Al^O^) 
but high for the remainder (cf. Hesp and Rigby, 1973a). For 
most oxides, however, the values calculated are within the 
range of coefficient of variation obtained by Hazen and 
Meyer (1966). Comparison with average composition of calc- 
alkaline volcanic rocks show that the composition of the 
samples analysed from the region is close to rhyodacite 
(Nockolds, 1954; Le Maitre, 1976) or dacite (Irvine and 
Baragar, 1971) .
For all volcanic rock samples analysed from the region,
Si0 2 accounts for nearly half of the total variance, with s 
(variance ratio of SiC>2 to the total of the other oxides) 
being 0.99. This is a low value compared to those tabulated 
by Chayes (1964, p.233, table 4) for volcanic rock suites of 
the basalt-andesite-dacite(-rhyolite) association. According 
to Chayes (1964) the variance of silica is usually about 
twice as large as the sum of the variance of the other 
essential oxides. A value for s of 0.99 suggests an hiatus 
of certain volcanic rock compositions in the Kangiara region 
(within the basalt-andesite-dacite-rhyolite rock suite 
association) (cf. Chayes, 1964).
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Table VII-1
Major Oxide Composition for all Volcanic Rocks Analysed 
from the Kangiara Region (in weight %)
Mean Range 0 C.V. •
Si02 68.38 59.67-82.76 3.74 5.47
Ti0 2 0.53 0.04-0.83 0.16 30.19
Al 2 0 3 14.04 8.50-17.02 1.31 9.33
Fe 203 1.52 0.16-5.76 0.78 51.32
FeO 2.61 0.00-13.30 1.91 73.18
MnO 0.05 0.00-0.48 0.06 1 2 0 . 0 0
MgO 1.79 0.01-6.15 1 . 1 2 62.57
CaO 1.39 0.02-11.51 1.55 111.51
Na2 0 1.91 0.02-4.74 1 . 2 1 63.35
K20 4.90 0.28-9.36 2.03 41.43
P2°s 0 . 1 1 0.04-0.18 0.03 27.27
h 2 o (+) 2 . 0 0 0.41-5.09 0.84 42.00
h 2 o (-) 0.38 0.12-0.93 0.13 34.21
co2 0.29 0.03-4.74 0.53 182.76
s 0.03 n .d .-0.50 0 . 1 0 333.33
Total 99.93
Not e :
a = standard deviation
C.V. = coefficient of variation
For calculations n.d. was asssumed to be 0.00.
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Chemical composition of the volcanic rocks from the 
Kangiara region have been illustrated with some well-known 
chemical variation diagrams (Figures VII-2 and VII-3). The 
results obtained are similar to those results obtained 
earlier (see Chapter IV) for the volcanic rocks in the 
immediate vicinity of Kangiara. Chemical variation diagrams 
show that the rocks of the Kangiara region are calc-alkaline 
and potassium-rich, with most samples rhyodacite in compos­
ition. Similarity of results for rock samples near Kangiara 
and for the whole Kangiara region illustrates the uniformity 
of the chemical composition of the Hawkins Volcanics.
Cumulative plots of the trace elements determined by 
emission spectrography show that unlike the major oxides the 
logiO transformed data appears to be the better approximation 
of a Gaussian density distribution.
Mean, standard deviation, range and coefficient of 
variation for the trace elements in the volcanic rocks 
analysed are tabulated in Table VII-2, with frequency 
distributions depicted in Figure VII-4. Significant features 
of the trace element distributions include the bimodal 
distribution of B; narrow range of values for Cr, G a , Sc, V,
Y, Yb and Zr; moderate spread of values for Ba, Ni and Sn; 
and the extreme range of values for Cu, Pb and Zn.
Grouping of Rock Samples
The cluster analysis technique used was the same as 
that outlined previously (see Chapter VI). Figure VII-5A 
clearly illustrates that the two samples of andradite-actinolite- 
hedenbergite hornfels, of the B520 prospect, are distinct
FIGURE VII-2 Diagrams illustrating the chemical compos­
ition of the volcanic rocks from the Kangiara
region. Crosses depict "mineralized" 
samples (Group B in Figure VII-5B) and dots 
"unmineralized" samples (Group A in Figure 
V I I - 5 B ).
(A) Q ( q u a r t z ) - A(alkali feldspar? includ­
ing albite - An^_^) - P ( p l a g i o c l a s e ?
A n c 1 A n ). Subdivisions are those of
5— 1UU
Streckeisen (1967). "Minerals" are 
based on mesonorms in vol %.
(B) A n (a n o r t h i t e ) - Ab (albite + 5/3 
nepheline) - O r (o r t h o c l a s e ). C l a s s i f i c ­
ation taken from Irvine and Baragar 
(1971). Plots in % cation equivalents 
based on the cation norm.
(C) Normative plagioclase versus colour 
index. Both normative plagioclase 
composition (% An) and colour index (% 
of ferromagnesian minerals) are based 
on mesonorms in vol %. Classification 
modified from Irvine and Baragar 
(1971) (whose colour index and p l a g i o ­
clase composition was based on CIPW
n o r m s ).
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Kangiara region. Dots depict "unminer­
alized" samples (Group A in Figure VII-5B) 
and crosses "mineralized" samples (Group B 
in Figure V I I - 5 B ) .
(A) K^O versus N a 2 0  
Plots in wt %.
(B) K 20 - CaO - N a 20 diagram.
There is a trend towards the K 20 a p e x .
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FIGURE Vii-4 Frequency histograms for trace elements of
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Table VII-2
Trace Element Composition for all Volcanic Rocks Analysed 
from the Kangiara Region (in p p m ) .
Mean Range a C.V.
Ag <1 nl-4 - -
B 10 1-25 6 60.00
Ba 608 33-2000 468 76.97
Cd <10 nl 0 - 2 0 - -
Cr 35 n20-60 14 40.00
Cu 61 1 - 1 0 0 0 173 283.61
Ga 17 6-40 5 29.41
Ge <1 nl-30 - -
Mo 1 nl-40 4 400.00
Ni 9 n3-40 6 66.67
Pb 151 nl - 2 0 0 0 376 249.01
Sb 30 n30-100 - -
Sc 14 nl0-30 6 42.86
Sn 4 nl-30 4 1 0 0 . 0 0
Tl <1 nl-3 - -
V 84 1 0 - 2 0 0 36 42.86
Y 57 n30-200 30 52.63
Yb 4 n3-10 2 50.00
Zn 297 n30-4000 608 204.71
Zr 173 n80-600 81 46.82
N o t e :
a = standard deviation
C.V. = coefficient of variation
nx = not detected at xppm
For calculations nx was assumed to be J$x.
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from the other 87 samples. Eight ox ides/elements (Fe2C>3 ,
CaO, Ga, MnO, Sn, Si0 2 and P 20^) °f the 28 analysed
represent 89.83% attribute contribution for the distinction 
of the B520 prospect hornfelses from the other samples 
(Table VII-3). Inspection of the two groups (A + B and C) 
in Table VII-3 shows that all oxides/elements, except C0 2 
and FeO, are clearly different. The distinct chemical 
compositions of the igneous rocks and hornfelses suggest 
that it is very unlikely that the hornfelses are genetically 
related to the igneous rocks of the region, and that it is 
not possible for the volcanic rocks to have undergone meta­
somatic replacement to create the hornfelses of the B520 
prosp e c t .
The cluster dendrogram of Figure VII-5A shows that at a
measure of similarity of 10.38 ("Euclidean distance") further
subdivisions of the 87 igneous samples into two groups of 62
and 25 samples (Group A and B) is possible. K 20 is the most
distinct oxide/element between the groups, with 13.4% .
attribute contribution (Table VII-3). K 20 is followed by
Ba, Pb, V, NanO and TiO~, although these 5 oxides/elements A A
represent only 43.09% contribution to the distinction of the 
two groups. The group containing 25 samples has signific­
antly higher (99.9% significance level using the Mann-Whitney 
U test) content of Pb, Zn and Cu, and 56% of the samples 
within this group were collected within 20 m of known mining 
or prospecting activity or zones of alteration. 84% of the 
samples from the other group (62 samples) are spatially 
unrelated to mining or prospecting activity, or zones of 
alteration.
FIGURE VII-5
(A) Cluster dendrogram for 89 samples from the Kangiara region using 14 major 
oxides and 14 trace elements.
Group A: samples 7002, 7004-7010, 7013. 7014, 7016, 7017, 7025, 7028, 
7031-7042, 7044-7057, 7060, 7066-7079, 7081-7084, 7087-7089.
Group B: samples 7001, 7003, 7011, 7012, 7015, 7018-7024, 7026, 7027,
7029, 7030, 7043, 7058, 7059, 7061-7065, 7080.
Group C: samples 7085 and 7086.
(B) Cluster dendrogram for 83 volcanic rocks from the Kangiara region using 14 
major oxides.
Group A: samples 7004-7010, 7025, 7028, 7030-7057, 7060, 7066-7071, 7073­
7082, 7088.
Group B: samples 7001-7003, 7011-7015, 7013-7024, 7026, 7027, 7029, 7058, 
7059, 7061-7065.
Group C: samples 7016, 7017, 7072.
(C) Cluster dendrogram for 83 volcanic rocks from the Kangiara region using 14 
trace elements.
Group A: samples 7002-7010, 7013, 7014, 7024-7028, 7031-7042, 7044-7054, 
7056, 7057, 7060, 7063, 7066-7079, 7081, 7082, 7088.
Group B: samples 7001, 7011, 7012, 7015-7023, 7029, 7030, 7043, 7055,
7058, 7059, 7061, 7062, 7064, 7065, 7080.
The computer program "MULCLAS" (Appendix 1) was used, a polythetic agglomeratic 
classification program based on a combinatorial strategy (Lance and Williams, 
1967, 1970, unpubl.). The criterion for similarity is based on the "Euclidean
distance", standardized using the technique of Burr (1968). In calculating the
distance between two samples, the differences between standardized variables 
were squared, summed and the square root of the sum was divided by the number of 
variables. The hierarchical dendrogram was constructed from the "distance" 
matrix using a sorting technique which minimizes incremental sum of squares 








Table VII-3 Percentage Attribute Contribution Between
Groups A, B and C for the Cluster Analysis
Using 89 Samples and 28 Oxides/Elements
Group A + B and Group C Group A and Group B






0) 19.75 K 20 13.41
CaO 13.12 Ba 1 2 . 2 2
A1 20 3 12.81 Pb 8.35
Ga 11.03 V 7.78
MnO 10.96 N a 20 7.48
Sn 9.15 T i 0 2 7.26
Si0 2 7.33 MgO 6.62
P 20 5 5.68 Yb 5.80
T i 0 2 2.46 FeO 5.11
K 20 2.29 Si0 2 4.17
V 1.73 Cr 3.66
h 20 (-) 1 . 1 1 Zn 3.08
Na 2 0 1 . 1 0 Sc 3.05
H 20(+) 0.71 H 20 (+) 2.93
Y 0.47 Y 1.97
MgO 0.15 Cu 1 . 8 8
Pb 0.07 Zr 1.35
Cu 0.06 Al 2 0 3 1.28
Zn 0 . 0 2 CaO 0.96
CO 2 0 . 0 0 B 0.72
FeO 0 . 0 0 Ga 0.45
Ba - MnO 0.17
Ni - Ni 0.15
Sc - P 20 5 0.06
Yb - H 20(-) 0.05
Zr - CO 2 0 . 0 2
B - Sn 0 . 0 1
Cr — F e 2 O 3 0 . 0 1
Use of a large number of oxides/elements (28) in the cluster 
analysis, and the fact that the major elements were deter­
mined quantitatively and the trace elements semi-quantit­
atively, may complicate the groupings. However, the ability 
to differentiate between samples containing high Cu, Pb and 
Zn and samples with low Cu, Pb and Zn is significant.
Hesp (1973) and Hesp and Rigby (1973a) have illustrated, 
in a study of igneous rocks from the New England area of New 
South Wales, that factors responsible for the distribution 
of trace elements were distinctively different from those 
which determine the major element composition of the rocks.
For this reason cluster analysis of the volcanic rocks was 
carried out on major elements (Figure VII-5B) and trace 
elements (Figure VII-5C) separately.
Both Figures VII-5B and VII-5C illustrate, on the basis 
of"Euclidean distance"parameters, two main groups. This 
could suggest that the main factors responsible for the 
distribution of some of the trace elements are similar to 
those which determined the major element composition of the 
rocks of the Kangiara region (cf. Hesp, 1973; Hesp and 
Rigby, 1973a). For the cluster analysis using both the major 
and trace elements (Table VII-3) the oxides K 20, N a 20 and 
Ti02 , and the trace elements Ba, V and Pb are the six 
oxides/elements which represent the six highest percentage 
attribute contribution to the cluster. In addition, K20, Na20 
and Ti0 2 are the oxides which have the three highest percent­
age attribute contribution for the cluster analysis using 
only major elements and similarly Ba, V and Pb for the trace
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element cluster (Table V I I - 4 ). Thus, this confirms the 
ability of these oxides/ elements to differentiate two main
groups of rocks from the Kangiara region ---  "mineralized"
and "unmineralized" rocks.
The cluster analysis based only on major oxides (Figure 
VII-5B) shows three groups. In the first group (Group A) 
are rocks of the composition rhyolite-rhyodacite-dacite, 
spatially unrelated to mineralization; in the second group 
(Group B) are altered rhyolites-rhyodacites, spatially 
related to mineralization; and the third group (Group C‘) 
contains chloritized volcanic rocks associated with mineral­
ization (Table VII-5). The results in some cases, however, 
revealed inconsistencies. For example, samples 7001 and 
7029 appear in Group B even though they are not in close 
proximity to mineralization; and samples 7060, 7066, 7067, 
7068, 7073 and 7088 (which were collected near known mineral 
ization) were grouped into Group A. These inconsistencies 
may suggest the possibility of as yet undetected mineral­
ization existing in certain areas of the region, and also 
that some alteration of host rocks associated with mineral­
ization is of limited extent (this has been confirmed from 
field studies).
Inter-Element Correlation
Inter-element correlations for Group A ("unmineralized
cluster group") and Group B ("mineralized cluster group"),
are presented in Tables VII - 6  and VII-7. Critical values of
Spearman rank correlation coefficients (r ), above whichs
statistical significance can be inferred, for even 25 observ
14 5.
Table VII-4 (i) Percentage Attributet Contribution
Between Groups A + C* and B for the Cluster 
Analysis Using 83 Samples and 14 Major 
Oxides .
Oxide % Attribute Contribution
K 20 24.63
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Table VII-4(ii) Percentage Attribute Contribution 
Between Group A and Group B 
for Cluster Analysis Using 83 SampL 
and 14 Trace Elements.














Y 0 . 0 2
T a b l e  V I I - 5 C h e m i c a l C o m p o s i t i o n  o f G r o u p s  A , B a n d  C*: M a j o r O x i d e s ( w e i g h t  %)
G r o u p  A
U n m i n e r  a U s e d ( 5 5 )
G r o u p  B
M i n e r a  lized ( 2 5 )
G r o u p  C*
C h t o r i t i z e d ( 3 )
Me a n R a n g e 0 C . V . Mean R a n g e a C . V . Me a n R a n g e 0 C . V ,
S i 0 2 6 7 . 3 2 5 9 . 6 7 - 7 1 . 5 4 2 . 3 5 3 . 4 9 7 1 . 2 4 6 2 . 9 8 - 8 2 . 7 6 4 . 5 6 6 . 4 0 6 3 . 9 0 6 1 . 3 3 - 6 7 . 4 2 3 . 1 5  4 . 9 3
T i 0 2 . 60 0 . 3 5 - 0 . 8 3 0 . 0 9 1 5 . 0 0 . 39 . 0 4 -  . 7 1 . 18 4 6 . 1 5 . 3 9 . 1 1 - . 5 7 . 2 4  6 1 . 5 4
A 1 20 3 1 4 . 5 5 1 2 . 8 0 - 1 7 . 6 5 0 . 8 1 5 . 5  7 1 3 . 1 6 8 . 5 0 - 1 5 . 1 9 1 . 4 6 1 1 , 0 9 1 1 . 9 3 9 . 6 8 - 1 3 . 2 2 1 . 9 6  1 6 . 4 3
F e  2 0  3 1 . 5 7 0 . 6 9 - 2 , 8 4 0 . 5 1 3 2 . 4 8 1 . 4 1 . 1 6 -  5 . 7 6 1 . 2 1 8 5 . 8 2 1 . 6 8 1 . 5 9 - 1 . 7 9 1 . 0 1  6 0 . 1 2
FeO 2 . 6 8 0 . 1 3 - 4 . 8 0 0 . 7 9 2 9 . 4 8 1 . 5 5 . 0 0 -  4 . 3 9 1 . 2 8 8 2 . 5 8 1 0 . 1 7 6 . 1 5 - 1 3 . 3 0 3 . 6 6  3 5 . 9 9
MnO 0 . 0 5 0 . 0 0 - 0 , 12 0 . 0 3 6 0 , 0 0 0 . 0 5 . 0 0 -  0 . 4 8 0 . 0 1 2 0 . 0 0 . 0 7 . 0 4 - , 10 . 0 3  4 2 . 8 6
MgO 1 . 9 6 0 . 0 1 - 5 . 0 6 0 , 8 0 4 0 . 8 2 1 . 0  3 . 0 1 -  2 . 3 6 . 74 7 1 . 8 4 5 . 2 3 4 . 5 6 - 6 . 1 5 . 8 3  1 5 , 8 7
CaO 1 . 9 0 0 . 1 6 - 1 1 . 5 1 1 . 6  3 8 5 . 7 9 0 . 3 9 . 0 2 -  3 . 2 7 . 6 6 1 6 9 . 2 3 . 3 0 . 1 7 - . 5 1 . 1 8  6 0 , 0 0
N a 20 2 . 5 6 0 . 9 3 - 5 . 0 5 0 . 8 8 3 4 . 3 8 0 , 6 1 . 0 2 -  1 . 5 6 . 50 8 1 . 9 7 . 8 4 . 0 2 - 2 . 4 2 1 . 3 7 1 6 3 . 1 0
K20 3 . 9 7 1 . 2 5 - 7 . 0 2 1 . 0 8 2 7 . 2 0 7 . 3 2 4 . 3 1 -  9 . 3 6 1 . 3 4 1 8 . 3 1 1 . 6 6 . 2 8 - 4 . 0 1 2 . 0 5  1 2 3 . 4 9
P 2O 5 0 . 1 1 . 0 4 - , 15 0 . 0 3 2 7 . 2 7 0 . 1 2 . 0 4 -  . 0 8 . 0 3 2 5 . 0 0 . 15 . 1 4 - . 16 . 0 1  6 . 6 7
H20  ( + ) 2 . 0 1 . 4 1 - 4 . 8 2 0 . 6 7 3 3 . 3 3 1 . 7 0 . 3 5 -  2 . 8 4 . 7 5 4 4 . 1 2 4 . 3 2 3 . 6 3 - 5 . 0 9 . 7 3  1 6 . 9 0
H20  ( - ) 0 . 3 7 . 1 2 - . 56 0 . 1 1 2 9 . 7 3 0 . 4 0 . 1 9 -  . 9 3 . 17 4 2 . 5 0 . 32 . 3 0 - . 36 . 0 3  9 . 3 8
CO 2 0 . 2 3 . 0 4 - 1 . 1 2 0 . 1 8 7 8 . 2 6 0 . 4 2 . 0 5 -  4 . 7 4 . 92  2 1 9 . 0 5 . 1 1 . 0 3 - . 2 4 . 12  1 0 9 . 1 0
S
T o t a l
< 0 . 0 1
9 9 . 8 8
n . d . - . 19 - ~ 0 . 0 9  
9 9 . 8 8
n . d . -  . 5 0 . 16 1 7 7 . 7 8 . 0 7  
1 0 1 . 1 4
n . d . - . 2 0 . 12 1 7 1 . 4 3
N o t e :  o = s t a n d a r d  d e v i a t i o n  C . V .  = c o e f f i c i e n t  o f  v a r i a t i o n  n . d .  = n o t  d e t e c t e d
For calculations n.d. was assumed to be 0.00







Mean Range a C.V. Mean Range o C.V. Mean Range 0 C.V.
Ag nl - - - <1 n l - 4 - - nl - - -
B 10 1- 25 6 60.00 10 1- 25 6 60.00 8 2- 15 7 87.50
Ba 418 200- 1000 156 37.32 1052 300- 2000 612 58.17 381 33- 1000 537 140.94
Cd . nlO - - - <10 nlO- 20 - - nlO - - -
Cr 40 n20- 60 13 32.50 25 n20- 40 10 40.00 25 n20- 40 15 60.00
Cu 18 1- 200 27 150.00 122 1- 1000 237 194.26 357 10- 1000 558 156.30
Gci 18 8- 25 4 22.22 15 6- 20 6 40.00 32 25- 40 8 25.00
Ge <1 n l - 2 .5 - - <1 n l - 1 - - 1 n l - 3 1 100.00
Mo <1 n l - 2 .5 - - 1 n l - 6 1 100.00 14 n l - 40 22 157.14
Ni 10 n3- 40 6 60.00 7 n3- 20 4 57.14 6 3 - 10 4 66.67
Pb 19 n l - 100 16 84.21 450 3- 2000 590 131.11 85 4- 150 74 87.06
Sb n30 - - - n30 - - - 43 n30- 100 49 113.95
Sc 16 nlO- 30 5 31.25 10 nlO- 20 5 50.00 10 nlO- 20 9 90.00
Sn 3 n l - 20 3 100.00 4 1 .5 - 15 3 75.00 18 10- 30 10 55.56
T1 nl - - - <1 n l - 3 - - nl - - -
V 96 10- 200 31 32.29 58 10- 100 29 50.00 72 25- 150 68 94.44
Y 55 n30- 200 31 56.36 64 30- 100 28 43.75 68 n30- 60 72 105.88
Yb 3 n 3- 10 2 66.67 4 n3- 10 2 50.00 4 3 - 4 1 25.00
Zn 92 n30- 400 69 75.00 601 30- 4000 858 142.76 1513 40- 2500 1300 85.92
Zr 186 n80- 600 85 4 5.70 138 n80- 200 45 32.61 217 100- 400 161 74.19
N o t e : a = standard deviation C.V. = c o e f f i c i e n t  o f v a r i a t i o n nx = n o t  d e t e c t e d  .a t  xppm
For calculations nx was assumed to be
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ations (samples) are numerically fairly low; 0.336 at the 
95% confidence level and 0.475 at 99% confidence level 
(Dixon and Massey, 1951, p .261). To avoid attributing 
substantive significance to correlations which may reflect 
nothing more than the interdependence of variances and 
covariances arising from "closure" (Chayes, 1971, p.45), only 
those associations that have a minimum rg value equivalent 
to the 99.9% confidence level were considered. The effic­
iency of the Spearman rank correlations when compared with 
the most powerful parametric correlation, the Pearson r, is 
about 91% (Hotelling and Pabst, 1936 , quoted _in Siegel, 1956 ).
Spearman rank correlation coefficients (Tables VII - 6  
and VII-7) suggests that the significant (99.9%) correlations 
between oxides/elements can vary with the particular group.- 
One interpretation of these correlations is that different 
geological factors are responsible for these geochemical 
groups.
Cu, Pb and Zn are of interest in this present study and 
it was noted that for the "unmineralized cluster group"
(Group A) Cu has a significant correlation with FeO and for 
the "mineralized cluster group" (Group B) Cu with Zn.V 
However, no other correlations exists with reference to the 
chalcophile elements. Lack of any systematic relationship 
between chalcophile elements probably results from the 
erratic occurrence of sulphide minerals.
Silica, in the "unmineralized cluster group" has a 
negative correlation with FeO, Ti02 and MgO, as well as the 
trace elements Ni and Cr. These correlations are possibly 
due to the "isomorphous series" ("incompatibility") of 
quartz and ferromagnesian minerals; where an increase of the
Table VII-6
Spearman Rank Correlation C oeffic ien t Matrix for the Chemical Composition 
o f  Group A ("unmineralized" volcan ic rocks) from the Kangiara Region
A1203 -.3992 <
FeO -.4632 .1911
Ti02 -.7148 ■ 5619 .5650 i
k2o .1009 -.0032 -.3322 -.2546
NajO .0153 .1787 -.0400 .1054 -.3862
MgO -.5139 .1754 .5433 .6378 -.2888 -.0690
CaO -.2117 .0575 .1356 .0779 -.3942 .0024 -.0811
P2°5 -.3948 .4552 .1967 ■ 5606 .1246 -.1093 .2828 .2345
MnO -.1101 .0071 .3361 .1249 .1614 -.2299 .1137 .0305 .1127
Ba .0095 .0085 -.2684 -.1289 ,5094 .0191 -.2718 -.3141 .0956 .0635
Cu -.0370 .0802 .4436 .3397 -.2500 -.0542 .2231 .0604 .2425 .0426 -.3746
Pb -.0372 .1027 .0455 -.0412 .3322 -.3717 -.0844 .2669 .2405 .2421 -.0654 .1650
Nl -.6085 .3506 .4621 .6145 -.2648 -.0121 .3665 .2884 .4143 .2041 -.0142 .1422 .0297
Sc -.3392 .2969 .3991 .3994 -.2994 .0135 .2265 .1700 .0010 -.0083 -.4487 .2091 .0255 .3977
Sn -.1009 .0287 -.0380 .1368 -.0051 -.1105 .1712 -.0765 .2431 -.2305 .0087 .1181 .0672 .1210
V -.2697 .3331 .3599 .4183 .0405 -.1742 .4956 -.0106 .3220 .1243 -.1179 .1950 .2427 .1948
Y .1641 .1794 -.0566 -.2086 .1751 -.0889 -.1610 -.0721 .0236 -.0195 .0536 -.1987 .1493 .0271
Yb .1235 .1541 -.0501 -.0764 .1973 .1522 -.1147 -.2900 -.1107 .0043 .0265 -.1035 -.0237 -.1403
Zr .1127 -.0672 .1501 -.0612 -.1148 .0097 .0548 .0391 -.3366 .0472 -.1059 -.1401 -.0952 .0367
h2o+ -.2876 .0546 .4308 .4700 -.1802 -.0385 ■6618 -.3616 .0521 .0311 -.1627 .2654 -.2936 .3274
npT .1931 -.2665 -.3192 -.1339 -.0604 .0371 .0421 -.0192 .0166 -.1879 -.0482 -.0039 -.1015 -.0303
oo2 -.3066 .0380 .1502 .3073 .1752 -.0299 .0632 .1382 .2640 .2535 .0658 .0155 .3163 .1372
Fe2° 3 -.2625 .2154 -.3001 .1635 -.1097 .1560 .0183 .1272 -.0498 -.1898 -.1065 -.3026 -.0633 .1889
Zn -  .0076 .0536 .3751 .2800 -.1882 -.2071 .3256 -.0784 .2581 .2282 -.3441 .5072 .1456 .2122
B .0319 .0687 .1686 .1829 .2701 -.4235 .1584 -.0279 .2541 .1878 -.0997 .1823 .4406 .0469
Ga -.3221 .3175 .1931 .2321 -.1340 -.1354 .1919 .0653 .1961 -.0144 -.1345 -.0328 .0272 .2715
Cr -.4311 .2068 ■ 5532 .5236 -.2454 -.2500 .4944 .1265 .3948 .1208 -.0839 .2996 .0890 .6003
Si02 M 2°3 FeO TiOz k2o Na2Q Mgo CaO P2°5 mo Ba Cu Pb Ni




.1218 -.0581 .0397 .3356
.1651 -.0990 -.0153 -.0100 .2087
.2451 -.0171 .3590 -.0483 -.0492 .0923
.1087 .0035 -.2018 -.0976 -.0852 .0005 .1730
.0690 -.0927 .2384 .0653 -.1381 -.0555 -.0158
.2361 .0190 -.0043 -.1046 -.0712 .0544 .0488
.3207 .0521 .0792 -.1007 -.0902 -.1575 .3663
.0753 .1605 .3922 .1916 .0523 .0143 .0973
.2268 .2036 .3905 .2075 -.0396 -.2094 .0848
.2310 .0483 .3931 -.1159 -.1810 .1399 ■ 5016




.0031 .1703 -.1826 .1872
-.3056 -.0785 .0523 .0881 .1776
-.0347 .0856 -.0365 .3123 .1646 .2904
H2°“ °°2 Fe2°3 Zn B Ga
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Table VII-7
Spearman Rank C orrelation C oe ffic ien t  Matrix for the Chemical Composition 
o f  Group B ("mineralized" vo lcan ic rocks) from the Kangiara Region
Al2°3 Z j.m
FeO -.6213 .6604
Ti02 zAW > .6020 .5535
k2o -.2500 .2674 -.1517 .0631
Na^ .0939 .2159 .0325 .0424 -.1208
MgO -.5280 .2427 .6213 .4338 -.2401 -.1698
CaO -.3772 .2917 .4213 .2598 -.1345 .4141 .3562
P2°5 -.2736 .3645 .6100 .0500 .0066 -.2368 .3504 .0508
MnO -.3792 .4117 .2442 .333 -.0987 .3443 .3155 .2876 -.1168
Ba -.3633 .1957 .1787 .3571 .1970 -.4590 .0602 -.1125 .1995 -.2151
Cu .1993 -.1554 .0752 -.1023 -.0399 -.1994 .0705 -.4717 .3522 -.1141 .0739
Pb .2015 -.3688 -.2228 -.1826 -.2031 -.3364 .3027 -.4299 .0911 -.1103 -.1190 .5774
Ni -.6709 .5803 .5845 .6813 -.0189 .1527 .3565 .1470 .1695 .5227 .1367 .0053 -.1059
Sc .7939 .6655 .7104 .1873 .0107 .3771 .1755 .4066 .3789 .4320 -.0450 -.2263
Sn -.0100 -.0736 -.0697 -  .3939 -.1947 .0689 .0566 .1533 .1370 .0891 -.1876 .0140 .1246
V -■6323 .5764 J tm .8004 -.0830 .0572 .5792 .1683 .1333 .3342 .2376 .0733 -.0022
Y -.3922 .2813 .1614 .3785 .2014 -.0085 .2899 -.0403 -.2976 .5070 .1020 .0008 -.1945
Yb .2210 -  .0294 -.4324 -.4264 .3659 .1488 -.3501 -.1690 -.1932 .0638 -.2900 -.2848 -.0597
Zr .2201 -.3827 -.3594 -.1565 .1964 -.1345 -.1562 -.2472 -.2584 -.3257 -.2042 .0258 .0918
h2o+ -.3643 .4658 .5399 .3455 -.2193 .1805 .4334 .0705 .4249 .3287 -.1305 .0629 .0039
h2o” -.4606 .4364 .2014 .4656 -.1707 .1999 .0078 -.0075 -.0345 .4018 -.8181 -.0405 .1964
C02 .0750 -.2787 -.0214 -.3591 .0723 -.0549 .1405 .3662 .0515 -.0169 -.1821 -.2744 -.1735
Fe2°3 -.6921 .5983 .4290 .6929 .2097 -.0689 .2692 .0584 -.0344 .5124 .3464 -.1636 -.3064
Zn -.0054 -.0911 .0383 .0711 -.1039 -.2779 .1263 -.4479 .2702 .1061 .0448 .5366 .4913
B -.0958 .0732 .1378 -.1031 -.3970 .1551 .2671 .2288 .0077 .3189 -.4348 -.3692 .0575
Ga -.5691 .3283 .4849 .5453 -.0219 -.0461 .5566 .1312 .1837 .3776 .0680 -.0127 -.0987
Cr .6604 .6216 .4844 ■6985 .1731 .0385 .2357 -.0570 .1051 .1068 .3436 -.0103 -.1618
Si02 M 2°3 FeO TiOz k2o Na20 MgO CaO P2°5 MnO Ba Cu Pb




.4043 .3401 -.2839 .5791
-.2707 -.1259 -.0310 -.3584 .0334
-.3452 -.4044 -.2686 -.3155 -.0689 .1533
.4083 .4168 .3193 .4131 .0724 -.2695 -.4215
.5172 .3995 -.0419 ■ 7027 .4470 -.1139 -.3016 .4106
-.3104 -.4134 .1323 -.3939 -.0868 -.0092 .0787 -.0081 -.4418
■ 7375 .8101 -.1225 .6356 .6362 -.0877 -.3224 .3757 .3886 -.3420
.3350 .0722 -.1520 .2006 .0768 -.2827 -.1647 .2950 .1648 -.0093 .0628
.1906 -.0631 .1581 -.0788 -.0685 .0710 .0137 .1522 .2797 .1884 -.0373 -.1440
.6385 .4914 -.0923 .6482 .5723 -.3036 -.3114 .4741 .4803 .0126 .6082 .3919 .1230
.5126 ■ 6662 -.3883 .6173 .3243 -.1986 .0634 .2136 .4090 -.5268 .5500 -.1994 -.0136






quartz content in a volcanic rock often means a decrease of 
the ferromagnesian mineral content. In the "mineralized 
cluster group" Si0 2 has a negative correlation with TiO^ and 
Ni, but also negative correlations with A 1 2C>3 , Fe 2C>3 , Sc and 
V ---  suggestive of the alteration of ferromagnesian minerals
The geochemical behaviour of Ba, an alkaline-earth 
element, is comparatively simple since it substitutes only
-f.
for K among the common cations (Taylor 1965). Ba character­
istically occurs in the rock forming silicates and never
forms independent minerals in igneous rocks ---  except in
association with mineralization (Taylor, 1965). K 2<D and Ba 
are critical in distinguishing geochemically the "mineralized
cluster group" ---  which has higher K 20 and Ba contents than
the "unmineralized cluster group" (Table VII-5). Within the 
"unmineralized cluster group" K 2 0 is significantly correlated 
to Ba. However, with the "mineralized cluster group" there 
is no such correlation. A possible explanation for this 
behaviour is that in the "unmineralized cluster group" Ba 
substitutes for K+ in K-feldspar (Taylor, 1965), and to a 
lesser extent biotite (Nockolds and Mitchell, 1948), whereas 
in the "mineralized cluster group" a barium mineral (probably 
barite) occurs within the volcanic samples. No barite was 
observed during petrological examination of those volcanic 
rocks chemically analysed. There are, however, rock samples 
on the mine dumps at the Kangiara mine which contain dissemin 
ated barite.
In both the“mineralized and unmineralized groups" of
samples the ferrous iron is correlated to MgO ---  due to the
presence of ferromagnesian minerals. For the "unmineralized
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cluster group" other significant correlations include FeO
with TiC^ and ---  indicative of chlorite (pseudomorphic
after biotite and hornblende) as an abundant (alteration) 
ferromagnesian mineral.
Factor Analysis of Chemical Data 
R-mode Factor Analysis
R-mode factor analysis (Davis, 1973) (Appendix 1) was 
carried out on all volcanic rocks from the Kangiara region 
using major oxides and trace elements separately (Table VII- 
8 ) .
The analysis using only major oxides has, for its first 
factor (Table VII- 8 ), positive correlations (99.9% level of 
significance) with FeO, MgO and H ^ 0 + , and negative correl­
ations with SiO^ and 1^0. This factor could indicate a 
variety of geological processes, including magma different­
iation, low-grade, regional metamorphism, diagenetic alter­
ation, deuteric alteration, or hydrothermal alteration 
associated with mineralization. Wilshire (1959) noted that 
not all of the geological processes are mutually exclusive, 
and this factor could represent more than one process. 
However, in mineralogical terms this factor is partly related 
to the formation of clay minerals (possibly chlorites).
Factor two, like factor one, could indicate the formation of 
clay minerals. The third factor (positive correlations with 
MnO and F e 2° 3  ̂ suggests a process of extreme alteration.
The fourth and fifth factors may represent variations of
Table VII-8
R-Mode Analysis for the Volcanic Rocks from the Kangiara Region
Oxides/
Elements
N o . of 
Samples






Cumulative Percentage of Variance and Oxides/Elements 

















Si02 Al 2 0 3 MnO N> o












Si02 FeO K 20 MgO
■0.5976 0.8934 -0.5004 0.8858
H 20
0.8139
Ni SC V Gs. Cu Pb Goi Y Ba
0.8391 0.6891 0.8400 0.4556 0.5736 0.7777 0.6917 0.6899 -0.4526
Cr Zn Sc Sn Yb B
0.8573 0.7634 -0.3749 0.4663 0.5407 0.4617
Note: Number of factors are those factors with eigenvalues greater than unity. Numbers under oxide/
element symbols are correlation coefficients between the oxide/element and the particular factor.
Cumulative percentages of variance are based on rotated factors.
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feldspar compositions with the rock type change dacite to 
r h y o l i t e .
The analysis using only trace elements has, for its 
first factor (Table VII- 8 ), positive correlations with Ni,
Sc, V, Ga and C r . These elements typically substitute for 
Fe and Mg in ferromagnesian minerals (Taylor, 1965), 
hence suggesting factor one represents the occurrence and/or 
the alteration of primary ferromagnesian minerals. The 
second factor, positive correlations with Cu, Pb and Zn, 
undoubtedly represents sulphide mineralization. Factor 
three, with positive correlations to Ga and Sn, could also 
represent sulphide mineralization as Ga is often associated 
with sphalerite and Sn with chalcopyrite (discussed in 
Chapter VI). The fourth factor has positive correlations
with Y and Yb (lanthanides). Winchester and Floyd (1977,
©
p p . 325-326) have reported that certain minor and trace 
elements, including Y, are "immobile" (inert) during meta­
morphism and vary systematically with differentiation in a 
magma series. Thus factor four could represent magma differ­
entiation of the volcanic sequence in the Kangiara region.
No geological significance is attached to the fifth factor.
Both the "unmineralized cluster group" and "mineralized 
cluster group" were subjected to R-mode factor analysis, 
using major elements and trace elements separately (Tables 
V I 1-9 and V I I - 1 0 ) .
There are two important points of the R-mode factor 
analyses. The first factor of both group of samples ("unminer­
alized cluster group" and "mineralized cluster group") 
contains a similar group of oxides/elements significantly
T a b l e  V I I - 9
R-Mode Analysis of Group A and Group B using Major Oxides
Rock
Group




Cumulative Percentage of Variance and Oxides Associated 
with Factors (99.9% level of significance)
10 20 30 40 50 60 70 80 90

























Si02 A 1 20 3 FeO Ti02 







Na 2 0 
0.7709
Note: Number of factors are those factors with eigenvalues greater than unity. Numbers under oxide
symbols are correlation coefficients between the oxide and the particular factor
Cumulative percentages of variance are based on rotated factors.
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T a b l e  V I I - l O
R-Mode Analysis of Group A and Group B Using Trace Elements
Rock
Group




Cumulative Percentage of Variance and Trace Elements 
Associated with Factors (99.9% level of significance)
10 20 30 40 50 60 70 80 90











































Note: Number of factors are those factors with eigenvalues greater than unity. Numbers under element
symbols are correlation coefficients between the element and the particular factor.
Cumulative percentages of variance are based on rotated factors.
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correlated to it (Table VII-9). This indicates the effect 
of a common geological phenomenon (or phenomena) on all 
samples. Possible processes to account for this element 
association would be chloritization and sericitization. A 
mechanism which could have caused chloritization and sericitiz- 
ation to all rocks in the region is burial (or regional) 
metamorphism. The other point is that the second factor of 
the "mineralized cluster group" (Table VII-10) has positive 
correlations with Cu, Pb and Zn, confirming that these 
samples are mineralized. This mineralization factor is, 
however, second in importance to the burial metamorphism 
factor. (There is the possibility that for the "mineralized 
cluster group" factor one represents the overlap of chloritic 
and sericitic alteration zones; cf. Figure IV-14.)
Q-mode factor Analysis
Q-mode factor analysis (Davis, 1973) (Appendix 1) was 
initially carried out on all 89 samples analysed from the 
Kangiara region using all 28 oxides/elements (Table VII-11).
The first seven factors accounted for 75.92% of the variance 
of the data, with the first three only 51.50%. The first 
factor has positive correlations (99.9% level of signific­
ance) with Fe2° 3 , CaO, MgO, MnO, P ^ ,  G a ' N i ' Sc and S n ' 
and negative correlations with Al^O^, K 20 and Si02 . This 
factor is probably associated with the calc-silicate hornfelsic 
bodies and their formation. The second factor contains 
positive correlations with K 20, Ba, Pb and Zn, and negative 
correlations with FeO, MgO, Ti02 , H 20+ , NaO, A1 20 3 , Cr, Ni and
SC ___  probably related to the formation of clay minerals as
pseudomorphs after primary ferromagnesian minerals, The
+
third factor has positive correlations with FeO, MgO, H20 ,
Table VII-11 Q-Mode Analysis Using 89 Samples and 28 Oxides/Elements
Factor % Variance Significant Oxides/Elements (99.9 level of significance)
1 24.62 F e 20 3 (0.8777), CaO(0.8648), Ga(0.7934), Si02 (-0.7926), A 1 20 3 (-0.7587) , Sn(0.7304), 
MnO (0.7121) , P 20 5 (0.6374), K 20 (-0.5191)MgO(0.3849) , Ni(0.3724), Sc(0.3667).
2 16.58
Ti0 2 (-0.8177) , V (-0.7290), M g O (-0.6645), Cr(-0.6472), H 20+ (-0.6176) , K 2O(0.5842), 
FeO (-0.5650), N a 20 (-0.5434) , Ni(-0.5356), A120 (-0.5331) , Ba(0.5306), Pb(0.5091), 
Sc (-0.4631), Zn (0.3944) .
3 10.31 Cu (0.7427) , Zn (0.6960), FeO(0.6055), H 20+ (0.6047), MgO(0.4840), N a 20 (-0.4750) , 
Pb (0.3962) .
4 8.36 C 0 2 (-0.7175) , Yb (0.5699) , B(-0.5581), H 20 _ (-0.4175), Ni(0.3886).
5 6.03 Ni (0.6691), Sn (-0.4532), MnO(0.3647), P 20 5 (0.3486) .
6 5.46 Yb (0.6352) , Y (0.6312), H2O~(0.4217)
7 4.56 H 20" (-0.4705) , Ba (-0.4252) , K 20 (-0.3708), Na20 (0.3470) .
Total 75.92
N o t e : Numbers in 
factor.
brackets are correlation coefficients between oxide/element and the particular
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Cu, Pb and Zn, and a negative correlation with Na^O. The 
association of Cu, Pb and Zn, with FeO, MgO and suggests
the process of sulphide mineralization is possibly linked 
with chloritization; a phenomenon which has been observed at 
the Kangiara mine, and recorded for the Woodlawn mine, New 
South Wales (Malone e_t a_l. , 1975). However, this factor
may represent two distinct processes ---  mineralization and
low grade greenschist (burial) metamorphism. A plot of the 
factor loadings for factor one (formation of calc-silicate 
hornfelses) versus factor two (alteration of primary ferro- 
magnesian minerals to clay minerals) clearly shows that 
samples 7085, 7086 and 7087 (samples from B520 prospect), 
as well as 7089 (sample from Humewood prospect) are distinct 
from the other samples. Factor one (formation of calc-silicate 
hornfelses) versus factor three (sulphide mineralization, 
chloritization or low grade greenschist metamorphism) again 
distinguishes samples 7085, 7086, 7087 and 7089 from the 
bulk of the samples, but also 7016, 7017, 7018 and 7023 
(extremely altered samples from near Kangiara). For the plot 
of factor two versus factor three, samples 7016, 7017, 7018, 
7023 and 7087 are distinguished, as well as 7057 and 7072.
The distinction of the B520 and Humewood prospect, samples 
and the extremely altered samples from the rest of the 
samples is a similar result to that obtained for the 
cluster analysis (Figure V I I - 5 A ) .
Q-mode factor analysis of the volcanic rocks was also 
carried out using major and trace elements separately
Q-mode analysis of major elements for the volcanic rock 
samples (Table V I I - 1 2 ) has similarities with the R-mode 
analysis (Table VII- 8 ). For the Q-mode analysis using 
trace elements (Table VII-13) fewer similarities occur, 
however the first two Q-mode factors are equivalent to the 
first four of the Q-mode analysis (Table V I I - 8 ).
For the Q-mode analysis using only major oxides the
first seven factors account for (only) 88.49% of the variance,
with the first three 58,97% (Table VII-12). Factor one has
positive correlations with Aln0 o , FeO, Feo0 ^ , MgO, N a o0, Ti0oZ 5 Z 5 Z Z
and H^O , but negative correlations with K^O and SiO^. This 
factor is similar to factor two in Table VII-11 and R-mode 
factor one in Table VII- 8 , and may represent some process(es) 
associated with the formation of clay minerals (in particular 
sericite) as pseudomorphs after feldspar. Similarly the 
second factor (positive correlations with FeO, MgO, P 2° 5 ' H 20+ 
and negative correlations with Al^O^, N a 2 0 and TiC^) may 
represent the development of chlorite, together with apatite, 
after biotite and hornblende. The third factor, with the
•f (
constituents F^O, Fe 2 0 ^, MnO and (negative correlated)
and CaO and ^ 2*3 (positive correlated), may represent a 
process of extreme alteration. The remaining factors appear 
to have no geological significance. Plots of factor one 
versus factor two and factor one versus factor three illust­
rate two clusters of samples which correspond very closely 
to the previously "mineralized" and "unmineralized" groups of 
the cluster analysis discussed previously (Figure VII-5B). For 
the plot factor two versus factor three it is not possible to
159.
Table VII-12 Q-Mode Analysis Using 83 Samples and 14 Major Oxides
Factor % Variance Significant Oxides (99.9% level of significance)
1 29.80 Si0 2 (-0.8748), M g O (0.7734), Ti0 2 (0.7480) , K 20 (-0.6782) , FeO(0.6586), H 20 + (0.6287) , 
A 1 20 3 (0.5652) , N a 20 (0.4 810) , Fe 20 3 (0.4087) .
2 16.16 FeO (0.6390), H 20+ (0.5798), N a 20 (-0.5762) , A 1 20 3 (-0.5498) , M g O (0.4974), 
P 20 5 (0.4 320) , Ti0 2 (-0.4121).
3 13.01 F e 2O3(-0.6760 ) , MnO (-0.6076) , H 20_ (-0.5089) , CaO(0.5023), K 20 (-0.4335) , 
N a 20 (0.4293).
4 9.64 C O 2 (0.6609), P 2O 5 (0.5470), K 2O(0.39X2), CaO(0.3846).
5 7.61 A l 20 3 (0.4772), MnO (-0.4292) , CaO (-0.3841) , P 20 5 (0.3561) .
6 6.45 H 20 ” (-0.7632)
7 5.82 C 0 2 (0.5308)
Total 88.49
N o t e : Numbers in brackets are correlation coefficients between oxide and the particular factor.
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separate the samples into distinct groups.
For the Q-mode analysis using only trace elements the 
first seven factors account for 80.36% of the variance, with 
the first three having 51.98% (Table V I I - 1 3 ). The first
factor has positive correlations with Cu, Pb, Zn, Sn and Ba ---
implying an association with base-metal sulphide mineral­
ization. The principal factor is also significantly negat­
ively correlated to Cr, Ni, Sc and V suggesting factor one
also represents the alteration of primary ferromagnesian
. 2+ 2+ minerals (these elements substitute for Fe and Mg in
ferromagnesian minerals; discussed previously). The second
factor has positive correlations with Y and Yb (lanthanides),
and negative correlations with Cu, Ga and Sn —  this factor
may be related to the magmatic differentiation of the volcanic
rocks of the Kangiara region. The third factor is composed
of constituents of the previous two factors. Plots of
factor one versus factor two, factor one versus factor three
and factor two versus factor three partly distinguish
samples with respect to sulphide mineralization, but the
groups "mineralized" and "unmineralized" (using trace elements)
are less clearly defined than when using major oxides.
This probably results from the erratic occurrence of sulphide
minerals (and their associated elements).
To determine possible factors controlling the char­
acteristics of the volcanic rocks unaffected by mineraliz­
ation 44 volcanic samples were chosen from the major element 
cluster (Figure VII-5B) which grouped into the "unmineralized 
cluster group". The 44 samples chosen included only those 
samples in close proximity to Kangiara. Q-mode analysis was
Table VII-13 Q-Mode Analysis Using 83 Samples and 14 Trace Elements
Factor % Variance Significant Elements (99.9% level of significance)
1 27.27 Sc (-0.7576) , Cr (-0.7547) , V (-0.7412) , Cu(0.6361), Zn(0.6262), Pb(0.6160), 
Ni (-0.5918) , Sn (0.4369) , Ba(0.4330).
2 13.95 Ga (-0.6483), Yb(0.6304), Sn(-0.5919), Y(0.5040), Cu(-0.4421).
3 10.76 Y (-0.7337) , Ni (-0.4884) , Ga(-0.4696), Yb(-0.4538).
4 8.73 Zr (-0.7058) , B(0.6550) .
5 8.17 Ba (0.5 7 0 4 ) , Yb(-0.4121), Sn(-0.3819), Pb(0.3621), Zr (0.3468) .
6 7.19 B (-0.6131) , Pb (-0.5046) .
7 4.29 Ba (0.5132) , Zr(0.3512) .
Total 80.36
N o t e : Numbers in brackets are correlation coefficients between element and the particular factor. 162.
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carried out on these 44 samples using major and trace elements 
separately (Tables VII-14 and VII-15). In Table VII-14 the 
results using only major oxides are shown. The first seven 
factors represent 96.54% of the variance of the data. The 
first factor contains positive correlations with A^O^, FeO, 
MgO, TiC^ anĉ  ' an<̂  negative correlations with SiC^.
This factor represents the development of sericite and 
chlorite, probably with the breakdown of feldspar, biotite 
and hornblende. The second factor has positive correlations 
with CaO and Na20, and negative correlations with k 20; 
representing variations of feldspar compositions. No sign­
ificance is attached to the remaining factors. Plots of 
factors one versus two, one versus three and two versus 
three show a wide spread of values indicating that no sub­
division of these 44 "unmineralized" samples is possible 
(and hence we are dealing with one group of samples).
Q-mode analysis using trace elements for the 44 samples
account for a lower percentage of the variance of the data ___
first seven factors 74.79%, with the first three factors 
41.76% (Table VII-15). Points which can be noted are: the 
occurrence of a negative correlation with Zn for the first 
factor, even though the samples are "unmineralized"; positive 
correlation of Ba with the second factor; and positive 
correlations of Y and Yb with the third and fourth factors.
Plots of factors one versus two, one versus three and 
two versus three, like that obtained for the major oxides, 
show a wide spread of values.
Davis (1973, p.530) stated that Q-mode factor analysis 
gives essentially the same results as cluster analysis.
Table VII-14 Q-Mode Analysis Using 44 Samples and 14 Major Oxides
Factor % Variance Significant Oxides (99.9% level of significance)
1 41.54 Ti02 (0.8813) 
FeO (0.5810) .
, Si02 (-0.8309), M g O (0.8197), A 1 20 3 (0.7619 ), H 20 + (0.7305) ,
2 2 0 . 2 2 K 20 (-0.8461) , CaO (0.7332) , N a 20 (0.7047) .
3 12.48 H 20+ (0.5098) , A 1 20 3 (-0.4712) .
4 8.94 FeO (0.69 30) , F e 20 3 (-0.6263) .
5 7.32 N a 20 (0.58 71)
6 3. 14 —
7 2.90 -----—
Total 96.54
Note : Numbers in brackets are <correlation coefficients between oxide and the particular factor.
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Table VII-15 Q-Mode Analysis Using 44 Samples and 14 Trace Elements
Factor % Variance Significant Element (99.9% level of significance)
1 14.80 Zn (-0.6796) , Ga(0.5727), V(-0.5015), Zr(-0.4755)
2 14.38 Ba (0.74 25) , N i (-0.6855) , Cr (0.6066) .
3 12.58 B (-0.6629) , V (-0.6409), Y(0.6276) , Sn(-0.4790)
4 9.48 Ga (0.5374) , Yb(0.5334)
5 8 . 6 8
6 7.96 Sc (-0.8163)
7 6.91
Total 74.79
N o t e : Numbers in brackets are correlation coefficients between element and the particular factor.
cr>
u>
This is confirmed in this present investigation as similar 
results were obtained for Q-mode and cluster analyses, for 
example, both analyses distinguished "mineralized" and 
"unmineralized" samples.
In summary, both R-mode and Q-mode factor analysis 
helped to decipher chemical features of the rock samples.
From these chemical features it is possible to suggest 
processes which may be responsible for among others, burial 
metamorphism, magmatic differentiation and mineralization. 
R-mode analysis tended to account for a lower statistical 
variance of the data than Q-mode analysis, but the Q-mode 
analysis contained factors representing several geolog ical 
processes which complicated interpretations. Q-mode analysis 
has an advantage that its factors can be plotted areally, 
thus depicting reg ional var iations and trends of the factors * 
associated features.
Reg ional Var iation of Chemical Data
11 has been pointed out (Nichol et a_l., 1969 , p . 219 ) 
that multi-variate techniques of statistical analysis, for 
example Q-mode analysis, may make a significant contribution 
to the interpretation of multi-element d a t a , especially to 
depict regional variations. For this reason the factor 
loadings of the Q-mode analysis were contoured with the 
hope of showing reg ional variations of the geolog ical 
processes suggested by the Q-mode analysis.
A number of significant results were obtained, including 
the suggestion of a higher grade of metamorphism towards Rye 
park (Figures VII- 6A, VII- 8A) ---  as confirmed by petro­
logical examination of volcanic rocks near Rye Park (discussed
166 .
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in Chapter III). A distinct phase of volcanism, a more 
acidic phase, is present around Kangiara (Figures VII-7B and 
8 8 ). As can be seen in Figure VII-9B, local K-feldspar 
phenocryst content "highs" also occur around Kangiara, 
suggesting that the more acidic phase of volcanism can be 
petrologically distinguished on the percentage of K-feldspar
p henocrysts. Ho w e v e r , exceptions exist ---  particularly for
those volcanic rocks containing a large percentage of K- 
feldspar-rich groundmass (e.g. Sample 7052). This rock type 
change is present in addition to the wall-rock alteration; 
silicification; sericitization; and chloritization. The 
dominant effect of the "mineralizing processes" around 
Kangiara and other deposits is shown in Figures VII-7A and 
V I I - 9 A , and the indication that different chemical "alte­
ration processes" are responsible for alteration near Kangiara 
is apparent in Figures VII- 6 B (which is also obvious from 
the fact that different wall-rock alteration zones are
p r e sent).
6A) and 2 (Figure VII-6B) for volcanic 
rocks from the Kangiara region determined 
using major oxides (14). Only those 
sample locations near Kangiara have been 
plotted (hand contoured), with localities 
near Yass omitted.
Factor 1 has positive correlations (99.9%
level of confidence) with t F e O , Fe^O
M g O , Na^O, Ti0 2 and , and negative
correlations with K n0 and S i O ~ .
2 2
Factor 2 has positive correlations (99.9%
level) with FeO, MgO, P 20 5 and H 2 0 +, and
negative correlations with A l o0 - , Na.O and
z j z
Ti°2 .
FIGURE VII-6 Contours of Q-mode factors 1 (Figure VII-
Figure V II-6B T.N.
* Sam p le  Location S C A L E  1:300,000 (approx.)
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7A) and 2 (Figure VII-7B) for volcanic 
rocks from the Kangiara region determined 
using trace elements (14). Only those 
sample locations near Kangiara have been 
plotted (hand contoured) with localities 
near Yass omitted.
Factor 1 has positive correlations (99.9% 
level) with Cu, Pb, Zn, Sn and Ba and 
negative correlations with C r f N i , Sc and 
V.
Factor 2 has positive correlations (99.9% 
level) with Y and Y b , and negative correl­
ations with Cu, Ga and Sn.





8A) and 2 (Figure V I I - 8 B) for 44 "unminer­
alized” samples (based on Group A in 
Figure VII-5B) from the vicinity of K a n g i a r a . 
Only major ox ides were used in calcul­
ations . Contours were hand d r a w n .
Factor 1 has positive correlations (99.9% 
l e v e l ) with A l ^ O ^ , F e O , M g O , TiO^ and ^ 0 + ,  
and negative correlations (99.9% l e v e l ) 
with S i O ^ .
Factor 2 has positive correlations (99.9% 
l e v e l ) with CaO and Na^O, and negative 
correlation (99% l e v e l ) with K^O.
VII-8 Contours of Q-mode factors 1 (Figure VII-
Figure V I I -8 A Figure V I I -8B
Sam ple  Location S C A L E  H 3 0 0 ,0 0 0  (approx.)
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FIGURE VII-9 (A) Contours (hand drawn) of Q-mode
factor 2 for 89 analysed samples from 
the Kangiara region, based on 28 
oxides/elements.
Factor 2 has positive correlations 
(99.9% level) with K ^ O , Ba, Pb and 
Zn, and negative correlations with 
FeO, MgO, TiC^ / ^ 0 +, NaO, A l ^ O ^ r C r , 
Ni and Sc.
(B) Contours (hand drawn) of modal % of
K-feldspar phenocrysts in the volcanic 
rocks from the Kangiara region. Only 
sample locations within the Hawkins 
Volcanics near Kangiara have been 
plotted with local ities near Yass
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The Hawkins Volcanics have textures varying from 
pyroclastic to lava flow bands. In general these volcanic 
rocks are nonwelded, although some samples studied have a 
(crude) welded texture (Plates 4D, 4E and 4 F ) . If a welded 
texture had been a primary feature of all the volcanic rocks 
of the Hawkins Volcanics it may have been destroyed by 
devitrification, and regional and/or burial metamorphism. 
Within the vicinity of Kangiara, gradual transitions from 
tufflavas to tuffs with a welded texture have been observed. 
The Hawkins Volcanics are characteristic of the terms "ash- 
flow tuffs" (Smith, 1960; Ross and Smith, 1961), "ignimbritic 
rocks" (Martin and Malahoff, 1965) and "ignimbrite" (Cook, 
1966; Nashar and Brakel, 1977).
Cook ( 19 59 ) defined ash-flow tuffs (ignimbrites) as 
nonsorted pyroclastic deposits formed from a Peleean 
incandescent volcanic cloud. Accord ing to Cook ( 1966) an 
ash-flow tuff can be welded, partly welded or nonwelded. 
Vlodavetz (1966 , p .13) defined the term " ignimbritic" as 
pertaining to a special kind of eruption characterized by 
multiple ash flows, primarily of acid composition. The 
resulting formation consists of loose pumiceous material, 
overlain by dense welded tuff, then by partially welded 
tuff, with nonwelded tuff at the top covered by volcanic 
a s h . Differences would be expected with use of Vlodavetz's
(1966) ideal ignimbritic formation ---  due to variations in
local geological conditions.
The degree of welding in an ash-flow tuff depends on 
several factors, including: temperature? quantity and 
composition of volatiles; chemical composition of ash? 
pressure of the load; speed of cooling; and speed of 
crystallization (Smith, 1960). The minimum experimental 
temperature at which volcanic glass fragments weld together 
has been shown to vary; 775°C to 900°C for dry fragments 
(Boyd and Kennedy, 1951); 550°C to 690°C depending on duration 
of experiment, pressure and presence of water (Boyd, 1957 
quoted _in Vlodavetz, 1966); and 535°C in the presence of 
water (Smith et a l . , 1960 ). It is interesting to note 
that the ash flow eruption of Mont Pel£e on Martinique 
in 1902 produced incoherent deposits, but not welded tuff, 
despite the initial temperature of between 800°C and 1000°C 
(Vlodavetz, 1966). Smith (1960) declared that the lack of 
welding of deposits of the Peleean eruptions resulted from 
the character of the eruption itself, a large mass of 
material being thrown out during one short eruption. Only 
at Asama (U.S.S.R.) and in the Valley of Ten Thousand 
Smokes (U.S.A.) have welded tuffs been found among the 
products of recent volcanic eruptions (Vlodavetz, 1966).
Whether a texture of an ash-flow tuff, in particular a 
welded texture, is or is not indicative of a subaerial 
environment is a matter of conjecture. If ash-flow tuffs 
are formed from a hot, rapidly expanding, turbulent, highly 
mobile, magmatic gas "cloud" or nuee ardente (Cook, 1966),
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they probably form in a subaerial environment. However, if
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ash-flow tuffs form by highly gaseous or nonhomogeneous lava 
flows (Cook, 1966), then both subaerial and submarine environ­
ments are possible. The formation of present day ash-flow 
tuffs, such as on the island of Martinique and the Valley of 
Ten Thousand Smokes, strongly suggests that ash-flow tuffs 
are formed subaerially, though part of the environment may 
be marine. Several authors (Fiske and Matsuda, 1964; Mutti, 
1965; Francis and Howells, 1973) have reported the occurrence 
of ash-flow tuffs interbedded with marine sediments and have 
suggested that these ash-flow tuffs were deposited in a 
subaqueous environment. In the Hawkins Volcanics there are 
ash-flow tuffs interbedded with marine sedimentary rocks. 
Welding of glass particles can occur within water (Smith et. 
a l ., 1960), and thus it is not impossible for a submarine 
volcano to form acid welded tuffs. Francis and Howells 
(1973) noted that it is important to distinguish hot gas- 
fluidized ash-flows from ash-flows fluidized by water or by 
relatively cool gas-water emulsions, that is, subaerial ash- 
flow tuffs from submarine ash-flow tuffs. In the literature 
there is a paucity of detailed work distinguishing these two 
types of ash-flow tuffs.
Nashar and Brakel (1977) suggested that welding in ash- 
flows takes place where there is a high concentration of 
volatiles and heat, aided by a lithostatic load. Where 
there is an opportunity for a loss of heat and volatiles the 
shards become rigid and welding does not take place (Nashar 
and Brakel, 1977). Submarine ash-flow tuff eruptions would 
be expected not to produce welding or an eutaxitic groundmass 
texture (cf. Fiske and Matsudu, 1964), except near the 
volcanic centre where greater amounts of heat and volatiles
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are concentrated. The presence of welded shards in some of 
the volcanic rocks near Kangiara and their absence from most 
of the volcanic rocks away from Kangiara indicate that 
Kangiara was a submarine volcanic centre.
Ignimbritic fields do have large volumes of pyroclastic
material ---  volumes varying from 0.2 km for Kamagatake in
3 ^Japan up to 8,300 km for New Zealand and 9,500 km for the
San Juan district of Colorado (Vlodavetz, 1966). The large
volume of pyroclastic material for the Kangiara ignimbritic
field ---  possibly as much as 1,500 km ---  is therefore not
abnormal.
The Hawkins Volcanics vary in composition from dacite 
to rhyolite, while the dominant rock type of the world's 
active volcanic belts are basaltic andesite to andesite 
(Carmichael et a_l., 1974 ). It has been noted (Carmichael et 
a l ., 1974) that active volcanic belts, standing on what is 
presently considered to be oceanic crust, sometimes extend 
into the continents where they overlap continental crust.
In these cases the continental segment of the belt is 
associated with ash-flow tuffs with composition from dacite 
to rhyolite. An example is the Tonga-Kermadec volcanic belt 
into the Tampo volcanic zone of the North Island of New 
Zealand (Healy, 1962). It therefore appears that the Hawkins 
Volcanics, ash-flow tuffs with dacite to rhyolite compos­
itions, may have formed over continental crust. Hyndman
(1972) noted that magma richer in K^O (than other lavas in 
the world's volcanic belts) erupts over deeper parts of 
active Benioff zones. As the Hawkins Volcanics are ^ O - r i c h  
(Table III-2) this further suggests that they were formed 
over the continental crust.
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Jakes and White (1972) have also summarized geochemical 
characteristics that offer clues to petrogenesis of magmas, 
noting that calc-alkaline volcanism is associated with both 
continental margins (Andean) and island arcs. Rocks of the 
Hawkins Volcanics (the dominant dacite to rhyolite ash-flow 
tuffs of the Kangiara region) have an (FeO + Fe~0-)/ MgO
M  J
ratio greater than 2 .0 , and a K 2 0/Na 20 ratio normally greater 
than 1, and thus belong to a K-rich calc-alkaline igneous
. . .  V
rock series similar to those from continental margins (Jakes 
and W h i t e , 1972 ) .
If the magma of a Peleean eruption is relatively poor 
in gas a rounded hill or dome (usually rhyolite in compos­
ition) may form over the vent (Macdonald and Abbott, 1970). 
These domes grow, in part by overflows of lava onto their
flanks, but largely by expansion of the whole structure ---
which is inflated when viscous lava is forced up into its 
interior (Macdonald and Abbott, 1970, p.132). During this 
process parts of the volcano may break off, fall down the 
flanks of the dome to form a deposit of angular fragments 
(breccia). The volcanic breccia in the Kangiara district 
could represent this type of breccia. Bouley et. al. ( 1976 , 
p.156) observed that felsic flows, domes and breccias occur 
at and near centres of submarine volcanic activity.
It seems unlikely that the Kangiara district was the 
only volcanic centre supplying volcanic material for the 
Hawkins Volcanics. Such a large quantity of material from 
one volcanic centre is difficult to visualize. Shirinian 
(1966) considered the Armenian (U.S.S.R.) ash-flow tuffs to
v
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have formed from eruptions from fissures. This may be the 
case in the Kangiara region, with a fissure along which a 
number of volcanic centres were situated and which supplied 
the volcanic ash for the ignimbritic field. Whether the 
Rye Park Lineament is the present surface expression of 
this fissure is a matter for speculation. Kangiara is not 
situated on the Rye Park Lineament, but it is possible that 
tectonic movements may have caused migration of the 
lineament/fissure eastward (cf. Scheibner, 1973; 1976).
The presence of limestone lenses, with marine fossils, 
precludes the possibility that formation of the Hawkins 
Volcanics took place solely in a subaerial environment. As 
these lenses have some characteristics of biohermal reefs 
they are indicative of marine conditions.
Smith (1960) stated that studies on the geochemistry of 
ash-flow tuffs in the Valley of Ten Thousand Smokes illustrated 
that fumarole-derived gases transported metal ions and 
caused alteration of rocks. Such fumarolic alteration of 
ash-flow tuffs may be responsible for the common alteration 
zones adjacent to sulphide base-metal mineralization in the 
Kangiara region.
The composition of magmas generated under the Kangiara 
volcanic field may have resulted from one (or more) of four 
processes summarized by Hyndman (1972): differential melting
of crustal rocks ---  by heat from basaltic magmas presumably
derived from the mantle (Steiner, 1958; Clark, 1960); 
differential melting of "new crustal rocks" producing magmas 
of rhyolitic to andesitic compositions (Holmes, 1932; Smith,
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1960; Ewart and Stipp, 1968); differential melting of old 
crystalline basement of the lowermost crust or upper mantle 
(Pichler and Zeil, 1969; Rittmann, 1971); or magma of a 
granitic pluton breaking through to the surface to form 
volcanic material (Smith, 1960; Hamilton and Myers, 1967; 
Souther, 1967; Tabor and Crowder, 1969; Cater, 1969). 
Eichelberger (1974) suggested another mechanism for producing 
a magma composition applicable to the Kangiara volcanic 
field. Rhyolitic magma rising through its overburden may 
have been contaminated by previously erupted material, 
creating a dacitic composition (Eichelberger, 1974).
Hyndman (1972) favoured the idea that felsic ash-flow 
tuffs, because of their composition and large volume, are 
derived from the partial melting of crustal rocks. Felsic 
volcanic rocks and granitic plutons may be derived from the 
same magma chamber (Hyndman, 1972). Carmichael _et a l .
(1974, p.566) posed the question, "Is volcanism simply the 
surface manifestation of an upward surge of granitic magma 
that elsewhere consolidated at depth as batholiths?". In 
some provinces it is possible that "granites" and 
chemically-equivalent felsic volcanic rocks come from a 
common source (Carmichael et £ l ., 1974).
The granodiorite stocks in the Rye Park area have a 
similar major element and trace element composition to the 
ash-flow tuffs (Appendix 2) into which they have been 
emplaced (Figure II-l). There may thus be a magma source 
common to extrusive and intrusive rocks of the Kangiara region.
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Lambert and Sato (1974, p.1234) observed that a likely 
area to search for massive sulphide (volcanogenic) deposits 
is in the Silurian submarine, calc-alkaline felsic volcanic 
rocks of New South Wales. Felton et al. (1975, p.149) 
suggested that the Kangiara volcanic rocks can only contain 
veins of a "subvolcanic hydrothermal type", and the volcanic 
rocks, therefore, contrast with those in the eastern Lachlan 
Fold Belt. According to Crook et al. (1973, p.129) volcani- 
clastic rocks (including ignimbrites) were laid down in the 
Kangiara region during (part of) the Silurian period, and 
therefore deposition in the region was "partly subaerial". 
Crook et. al. (1973, p.127) also stated that "marine" volcanic 
rocks in the Captains Flat - Goulburn Synclinorial Zone 
(Figure I— 1) -—  containing stratiform metalliferous deposits 
are not known to contain ignimbrites. The possible presence 
of ash-flow tuffs is important because several authors 
(Solomon, 1964, unpubl.; Corbett e t  al., 1974; Reid, 1975) 
have recorded ignimbrites from the Mount Read Volcanics, 
which are the host rocks for the significant Rosebery strati­
form deposit in Tasmania. Recently Malone et al. (1975) 
documented an ignimbritic rock (welded tuff) as one of the 
host rocks for the significant sulphide mineralization at 
Woodlawn, as did Davis (1975) with respect to the (now 
worked-out) Lake George mine at Captains Flat (Figure 1-1).
The Hawkins Volcanics are characterized by a large 
volume of pyroclastic material. This extensive ash-flow 
tuff sequence, like others in the world, has a uniform 
appearance and chemical composition (with local variations).
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Presence of limestone lenses can be explained by the 
environment being partly marine. Alteration zones may 
be a result of fumarolic activity.
Sulphide Mineralization
Detailed analysis of the Kangiara district has revealed 
that the sulphide mineralization is associated with a more 
acid phase of a calc-alkaline volcanic series (cf. especially 
Figures VII-7B, VII- 8B), and that there is a mutual relation­
ship between alteration and metallization (Figures VII- 6 B 
and VII-7A & VII-9A). The intensity of alteration is, 
however, not a function of the amount of known mineral­
ization. In the Kangiara district known sulphide mineral­
ization occurs within altered pyroclastic rocks, originally 
of an alkali rhyolite to rhyodacite composition (Table IV-7).
The Kangiara deposit is lenticular in shape and conform­
able with the enclosing rocks. This deposit can therefore 
be considered as a stratiform deposit (Canavan, 1973), with 
a lead-rich lode overlying a copper-rich lode. Disseminated 
and vein mineralization occur adjacent to or underlying the 
lead- and copper-rich mineralization. Other deposits in the 
Kangiara region commonly have ill-defined boundaries, with 
similarities to this disseminated and vein mineralization.
Stanton (1955; 1960a? and 1974) has pointed out the 
association of stratiform "pyritic" mineralization with
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pyroclastic rocks and limestones. Although the Kangiara 
deposit is the only known base-metal stratiform deposit in 
the region, and is only in part "pyritic", Stanton's (1955; 
1960a; and 1974) association appears to be true in the 
Kangiara region. In addition, Stanton (1960a) suggested 
that the necessary environments are characterized by high 
organic activity, a medium to low rate of detrital sediment­
ation, and the development of reducing conditions.
Miller (1976, p.839) stated that approximately 85% of 
volcanogenic massive sulphide deposits occur within rhyolite 
ash-flow tuffs. However, Miller (1976) further noted that 
continental rhyolitic ash-flow tuffs contain no massive 
sulphide deposits. This latter observation is supported by 
the subaerial Carboniferous ash-flow tuffs in the Hunter 
Valley, New South Wales (Nashar and Brakel, 1977), where no 
massive sulphide mineralization has been recorded.
The potential of volcanic activity to create ore bodies 
has been recognized for the Kuroko deposits in Japan (Tatsumi, 
1970; Ishihara, 1974). Accepting that ores are an integral 
part of the rock sequence in which they occur (Stanton,
1960a), features of the ash-flow tuffs in the Kangiara 
district can be linked to characteristics of the mineraliz­
ation. The occurrence of volcanic breccias in the vicinity 
of Kangiara (Figure III-l) implies a close proximity to a 
volcanic centre. Fumarolic brines containing chlorine, 
fluorine and metallic elements are possibly the cause of the 
volcanic alteration zones, and may even be the source of the
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elements in the mineral deposits. Mineralization at Kangiara 
does not seem to be joint-controlled (Figure IV-1; cf.
Markham (1975b), p.679). Marie Corelli, Triangle, White 
Flag and Democrat mines may represent either feeder channels 
to deposits with their upper parts now eroded away, or 
deposits formed in a slightly different environment than 
that of the Kangiara and Spion Kop mines.
Ridge (1976, p.279) stated that, for a shallow marine 
environment where the water depth was 300m or less, temper­
atures of 250°C or more (which is within the range of 
values obtained for the Kangiara-type deposits) would ensure 
that boiling of the ore fluid would occur, and the 
chances of sulphide mineralization being deposited on the 
seafloor in any appreciable quantity would be low. If, 
however, the depth of water was 1 0 0 0 m or more, than the ore 
fluids would not have boiled and sulphide mineralization 
would reach the seafloor to be deposited as massive sulphide 
mineralization (Ridge, 1976).
The occurrence of a "banded" texture (Plates 5A and 
5 C ) in the mineralization at the Kangiara mine is evidence 
for a partly sedimentary origin. Bubela and McDonald (1969) 
showed that monometallic bands can be produced by migration 
of metal and sulphide ions through unconsolidated sediment­
ary materials or slowly settling suspensions. The diffusion 
mechanism (Bubela and McDonald, 1969) implies a syngenetic 
origin for sulphide "bands" in host sediments. Alternative 
explanations are that a repetition of different physico­
chemical changes occurred, and different "mineralization
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centres" existed in close relationship and supplied differ­
ent "ore forming solutions" (Ito et a^. , 1974, p.130).
Textures composed of ore fragments occur in the Kangiara 
(Plates 5B and 5D) and Spion Kop mineralization, and textures 
composed of lithic fragments occur at the White Flag mine. 
These textures can be compared with the associated volcanic 
breccias, and the formation of the mineralization may be 
similar to the pyroclastic volcanic rocks. However, the 
presence of structures similar to graded bedding and imbric­
ate structure, as well as "banding", possibly indicates the 
influence of sedimentation coupled with volcanism. The 
fragmental ores may have been derived from primary mineral­
ization, broken up, transported (?), and then deposited to 
form fragmental ores. Submarine sliding or mudflows due to 
volcanic explosion is a possible explanation which could be 
responsible for their formation (cf. Lambert and Sato,
1974). As pointed out by Ishikawa and Yanagisawa (1974, 
p. 8 6 ), with reference to Kuroko deposits in Japan, these 
banded and fragmental textures are difficult to explain by 
"replacement theory from a deep seated igneous intrusion".
Textural relationships between the ore constituents can 
provide a basis for comparison and classification of ores, 
and may to a certain extent be indicative of their environ­
ment of formation. However, despite the existence of 
several detailed and comprehensive reviews (Bastin, 1950; 
Schwartz, 1951; Edwards, 1954; Ramdohr, 1969; and Stanton,
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1972) the origin of certain textural relationships remains 
uncertain.
Any suggested outline of genesis of the Kangiara mineraliz­
ation must take into account the variation of mineralogy and 
ore type that exists within the Kangiara deposit, and other 
deposits in the Kangiara region. It must also be based on 
the primary form of the mineralization prior to effects of 
later metamorphic and deformational events.
The main textures related to deformation of the Kangiara 
mineralization are:
1. augen and boudinage structures
2. cataclasis and fracturing of pyrite; and
3. migration of chalcopyrite and/or galena into 
pressure shadow zones and fractures in pyrite, 
sphalerite and gangue.
These textures, although prolific in some samples, are not 
present in all types of mineralization, nor all mineral 
deposits of the region.
Ramdohr (1969, p.165) described a dendritic 
("feathery-flowery") form of minerals as a colloidal 
texture. This form is like that produced during precip­
itation experiments (in a viscous media) of Liesegang 
(1913, quoted in Ramdohr, 1969). In addition to the 
dendritic forms, radiating patterns and delicate networks 
are characteristic of this form of pyrite. Ramdohr (1969) also
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observed that these structures are easily overlooked, being 
visible in only certain planes of the polished sections (as 
was the case in this study). The mode of formation may be 
similar to that of framboidal pyrite. Sweeney and Kaplan
(1973) stated that the factor controlling development of 
framboidal texture may be either an external influence due 
to biological activity or an internal consequence of pyrite 
crystallization. Berner (1969), however, showed that bio­
logical control is unnecessary, demonstrating that framboids 
could form during reaction of excess elemental sulphur with 
freshly precipitated suspensions of iron sulphide in the
presence of H^S. It is interesting to note that the sulphur 
• • 34isotopic value (6 S) for the dendritic pyrite is similar to 
pyrite with the cubic form (Table VI-5). It is suggested 
that dendritic pyrite forms by a similar reaction to that 
proposed by Berner (1969) for framboids, provided there is a 
continuing supply of the necessary elemental sulphur, FeS 
and H^S along minute fractures in the partly consolidated or 
consolidating ore. The orientation of the dendritic pyrite 
may be governed by stress directions of the ore body during 
its formation (and/or consolidation).
Colloform textures commonly occur in the Kangiara 
mineralization, including botryoidal sphalerite, and colloform 
galena, pyrite and chalcopyrite. Many arguments have been 
presented regarding the origin of colloform textures (for 
example, Rogers, 1917; Bastin, 1950; Edwards, 1954; Roedder, 
1968; and Ramdohr, 1969). Despite longstanding acceptance 
of "colloform" texture as proof of crystallization from
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colloidal gels, there are some warnings concerning such use 
to prove a colloidal origin (Watanabe, 1974). Both Roedder 
(1968) and Watanabe (1974) concluded that colloform textures 
may not be indicative of colloidal deposition. However, 
regardless of the origin of the texture, free space for 
deposition or "precipitation in a plastic material" is 
necessary to form such a texture (Sato, 1968, quoted _in 
Watanabe, 1974, p.3 4 7 ) .
Euhedral pyrite is commonly observed within the Kangiara 
mineralization. Stanton (1960b) proposed that the euhedral 
outline of pyrite results from its high strength of crystalliz­
a t i o n — with galena, sulphosalts and others tending to 
segregate in intergranular spaces between the harder species 
due to their softness and lower strength of crystallization.
In effect Stanton (1960b) proposed that pyrite euhedralism 
may be a crystalloblastic effect rather than due to sequential 
deposition of other sulphide minerals. It may be that both 
sequential deposition and crystalloblastic development may 
be responsible for crystallization of euhedral pyrite grains. 
Hence, as euhedral pyrite may "grow" after crystallization 
of earlier-formed minerals its shape may not be a criterion 
of early formation.
Many features of mineralization can only be explained 
by diagenetic and metamorphic recrystallization and remobiliz­
ation (Lambert, 1973). These post-depositional textures and 
structures are secondary features (for example, Stanton,
1964; Roberts, 1965; and Gill, 1969). It has been argued by
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Lambert (1973) that various post-depositional processes 
could liberate sulphur and metals which would then react to 
form later generations of metal sulphides within syngenetic 
ores. Croxford and Jephcott (1972) have suggested that 
metamorphic growth of minerals may depend on the enclosing 
mineral medium. The textures between sulphides and sulphides 
and sulphides and non-sulphides can therefore be partly 
attributed to diagenesis and regional metamorphism. By 
studying these very closely a paragenetic sequence for the 
Kangiara mineralization has been established, and is outlined 
in Chapter IV. This sequence however, possibly has no 
bearing on the initial process of ore formation.
Marcasite, present within the Kangiara mineralization, 
is common in an intertidal thermal pool near Talasea, New 
Britain (Ferguson et a l ., 1974) and is recorded from the Red 
Sea thermal deeps (Stephens and Wittkop, 1969). Although 
primary marcasite does occur in non-volcanic lithified 
sediments, it has not been found in modern non-thermal areas 
of iron sulphide formation. Thus it is not a good indicator 
of environments, but it does suggest that thermal exhalative 
activity has occurred at the Kangiara mine. Marcasite's 
high T1 content possibly indicates that it crystallized 
from colloform solutions (cf. de Albuquerque and Shaw,
1974 ) .
Wright (1965, p .1015) stated that hydrothermal pyrite 
is a good example of a "persistent" mineral as it is the 
most common of all hydrothermal sulphides and may be deposited
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under a variety of environmental conditions. The passage 
of hydrothermal solutions may afford the opportunity for 
reaction with, and contamination by, various types of wall
rock ---  resulting in a wide range of trace element content
for hydrothermal pyrite (Wright, 1965). Sedimentary pyrite, 
which forms only under relatively restricted conditions 
within a limited range of pH and Eh values, should contain a 
relatively limited range of trace elements (Wright, 1965).
From these considerations the uniform pattern of trace 
element content (for trace elements not associated with 
possible contaminants) found in the Kangiara mineraliz­
ation lends support to a sedimentary origin.
Fleischer (1955) found that pyrite of sedimentary 
origin generally contains less than 100 ppm Co, whereas 
pyrite from hydrothermal origin commonly contains between 
400 ppm and 2,400 ppm Co, with a mean of 500 ppm Co. According 
to Wright (1965) the Co content in sedimentary pyrite is 
generally less than the Ni content, whereas in hydrothermal 
pyrite the reverse is true. Pyrite from the Kangiara mineral­
ization typically has a Co value greater than the Ni value
but a Co content less than 100 ppm ---  suggesting that the
pyrite is both sedimentary and hydrothermal (?). Loftus- 
Hills and Solomon (1967) found (based on preliminary results) 
that in pyrite of probable volcanic origin, without accomp­
anying lead and zinc minerals, the Co : Ni ratio is greater 
than 1 , and pyrite of probable volcanic origin associated 
with lead and zinc minerals contains low Co and Ni with a Co
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: Ni ratio less than 1. On this basis the pyrite from the 
Kangiara mineralization is not associated with lead and zinc —  
which is clearly incorrect. It appears that ideas and 
observations of Fleischer (1955), Wright (1965) and Loftus- 
Hills and Solomon (1967) concerning the value of Co and the 
Co : Ni ratio in pyrite are not applicable to the Kangiara 
mineralizat i o n .
Stable sulphur isotope compositions of natural sulphur-
containing minerals are now widely used in speculations on
the mode of origin. Inherent in these speculations is the
assumption that primordial terrestrial sulphur had constant
composition which is thought to be close to, if not identical
with, that of meteoritic sulphur (Ault and Kulp, 1959). The
Kangiara sulphur isotope data (Table IV-6 ) indicates that
the sulphide minerals may have formed from sulphur originating
in a marine basin. Whatever the mechanism of sulphate
reduction ---  for example, bacterial reduction (Sangster,
1968), or high temperature chemical reduction (Sasaki, 1970) —
34there appears a consensus that relatively high values of 6 S, 
such as those obtained in this present study, can most 
reliably be explained only if they were obtained from marine 
seawater sulphate (Sangster, 1976). Therefore the environ­
ment of formation of the Kangiara mineralization was 
probably submarine.
The estimation of the physicochemical environments of 
various mineral deposits on the basis of mineral composition,
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mineral association, sulphur isotopes and thermochemical 
data on minerals and solutions has been the subject of much 
discussion (for example, Kajiwara, 1970, 1971; Sato, 1971, 
1973; Robinson and Ohmoto, 1973; Ethier et a l ., 1976; Barton
et a l . , 1977 ; and Large, 1977 ). Robinson and Ohmoto (1973 ,
p.647) stated that physicochemical parameters such as
temperature, pH, f , f , f and concentrations of salts,
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sulphur and heavy metals of an environment of an ore form­
ation can be determined. For these calculations to be made, 
however, the environment of ore formation must be in a state 
of equilibrium. It has been shown that features of the 
Kangiara mineralization suggest that some of the sulphide 
phases are not in chemical equilibrium (discussed in Chapter 
IV). It is therefore not valid to use the large amount of 
data on the stability of various sulphide minerals (Holland, 
1959; 1965) to estimate the physicochemical parameters for 
the Kangiara mineralization. In a non-equilibrium environment 
the physicochemical conditions of precipitation of sulphide 
minerals are open to speculation. Based on features outlined 
by Barton et a l . ( 1977 , p. 6 ) the Kangiara environment of ore 
deposition was "supersaturated" with respect to metal ions.
If equilibrium is assumed an unrealistic range of temper­
ature of formation values for the Kangiara mine is obtained ---
using sulphur isotopic values the range is 105°C to 511°C
and using the fractionation of Cd between coexisting sphalerite
and galena the range is 2 53°C to 606° C .
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Roberts (1967) pointed out that the formation of an ore 
deposit requires an adequate source of materials, the 
gathering of these materials by solution or other processes, 
their transportation to the site of accumulation, and their 
d e p o s i t i o n .
Pyroclastic material, with its relatively high trace 
element content, could be a source of metal ions (Wolf,
1976). Govett et. a l . (1976, p.936) stated that saline 
solutions are powerful leaching agents of silicate rocks.
Craig (1969) noted that the Red Sea brines are consistent 
with a steady-state model in which sea water circulates 
downward, driven by density differences between columns of 
brine and columns of sea water and heated by the local 
geothermal gradient. The metals which form the Red Sea 
sulphides were leached from the surrounding sediments (Craig, 
1969). In the Silurian marine volcanic terrain at Kangiara 
similar phenomena may have occurred, where sea water circul­
ation scavenged metal ions from the ash-flow tuff sequence. 
Thermal springs/volcanic exhalations discharged chloride­
bearing mineraliz ing brines onto the sea fl o o r . Sulphur 
came in with the metals and precipitation of sulphide minerals 
took place at the water-sediment interface. In subaerial
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terrains (or very shallow marine) sulphide mineralization 
was deposited well below the surface (or water-sediment 
interface) in an environment similar to that described 
by Bernard and Samana (1976, p.327) as a "classic subvolcanic 
epithermal field".
Solomon (1976, p .49) stated that the only model for the 
origin of volcanic massive sulphide deposits compatible 
with all available information appears to be one involving 
convective circulation of surface water (mainly sea water) 
within the volcanic pile. This geothermal model does not 
preclude nor rely on a contribution from magmatic solutions 
(Solomon, 1976). Solomon (1976, p.49) accounted for the 
clustering of mineral deposits as having been formed above a 
region of "secondary circulation".
Sulphide base-metal mineralization associated with 
limestones in the Kangiara region has different features 
from those documented for the Mississippi Valley-type Pb-Zn 
deposits (Stanton, 1972) (see Chapter V). Monseur and Pel 
(1973) have documented sulphide mineralization in biohermal 
reefs, similar in part to the Pudman Creek prospect. The 
similarity of sphalerite compositions between Pudman Creek 
mineralization and B520 mineralization (Append ix 6 ) indicates 
a relationship between mineralization in limestones and 
calc-silicate h o r n f e l s e s .
Many authors have considered mineralized skarns to have 
formed metasomatically by replacement of carbonate ro c k s . 
Pneumatolytic gases or hydrothermal solutions of plutonic 
origin are supposed to be the mineralizing agents (S k a a r u p , 
1974 ) . In the Kangiara region there is only one known
193.
locality ---  the Rye Park tungsten mine ---  where a mineral­
ized skarn is known to occur close to a plutonic intrusion 
(Rye Park gra n o d i o r i t e ). The scheelite- and molybdenite­
bearing skarn lenses are wholly within volcanic rocks and 
are adjacent to, but not in contact with, the igneous 
intrusion. It is important to note that the Rye Park grano- 
diorite does not seem to be anomalous in any of the 28 
oxides and elements analysed (Appendix 2), and appears 
chemically equivalent to the volcanic rocks it intrudes.
Fe-rich skarns (or calc-silicate hornfelses) in the 
Kangiara region (Figure I I - l ) may have an origin similar 
to that proposed for various Fe deposits and "iron- 
formations". For example, Ridler (1970) and Hutchinson 
et a l . (1971) have proposed that sulphide- and carbonate-rich 
Fe deposits have been derived from a volcanic exhalative- 
sedimentary source. Recently Skaarup (1974) and Fryer 
and Hutchinson (1976) suggested that skarns, in their 
premetamorphic forms, had an exhalative-sedimentary 
origin (similar to that of the Kangiara mineralization).
Fryer and Hutchinson (1976, p .134) further stated that 
after introduction of elements such as F e , M n , C u , Z n ,
Pb, A u , A g , Co, N i , S n , W and Mo onto the sea floor by 
fumarolic volcanism their distribution was governed by 
sedimentary environ m e n t s , which in turn were controlled 
mainly by Eh-pH stability relationships and by changes in
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sedimentary lithofacies. Fripp (1976) supported this 
observation using chemical analyses of present-day volcanic 
fluids in which Fe, in addition to CC>2 , CO, H 2 S, S0 2 and S 0 3 
are known to be relatively abundant. The Rye Park grano- 
diorite (and possibly the Wyangala Batholith), although 
not supplying the elemental constituents of the calc- 
silicate hornfelses, may have been a local source of heat 
for the formation of the metamorphic Fe calc-silicate 
m i n e r a l s .
The Red Hill copper mine and B520 prospect both contain 
significant amounts of sulphide minerals; are completely 
enclosed in volcanic rocks; have distinct contacts with the 
volcanic country rocks; and are lenticular in shape. These 
features can be explained by an exhalative-sedimentary 
origin, with vein mineralization associated with some of 
the skarns (for example, underlying the B520 prospect) 
representing feeder channels.
Large (1977, p.566) stated that "magnetite iron" 
formations are commonly associated with proximal and distal 
ore types. The Kangiara-type deposits have features typical 
of proximal deposits (Large, 1977; Sangster, p e r s . c o m m . , 
1978), but distal deposits appear lacking from the Kangiara 
region. The general absence of distal massive sulphide 
deposits also occurs in the Archaean greenstone belts of 
Canada. Large (1977) suggested that this is probably due to 
a low ratio of oxidized sulphur to reduced sulphur in the 
Archaean oceans which did not enable transport of Pb and Zn. 
This resulted in all Cu, Pb and Zn being deposited within
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and around the volcanic vent. Alternative explanations 
applicable for the Kangiara region are that; because of 
erosion distal deposits have been removed; or due to lack of 
sub-surface exploration in the region they have yet to be 
d i s c o v e r e d .
There are a number of sulphide accumulations with 
features similar to the Kangiara mineralization. Examples 
varying in age from the Miocene Kuroko deposits of Japan to 
the Precambrian Superior Province of Canada have been 
documented (Stanton, 1972).
The Kuroko deposits are considered to possess the 
original features and textures of the metamorphosed and 
deformed stratabound massive sulphide deposits found in 
Mesozoic to Palaeozoic folded geosynclinal belts and 
Precambrian shield regions (Tatsumi et a l ., 1970, p.37).
The geology of the Kangiara deposit can be compared to the 
Kuroko deposits (Table VIII-1). These Kuroko deposits 
(Matsukuma and Horikoshi, 1970; Ishihara, 1974; and Lambert 
and Sato, 1974) are characterized by, amongst other things, 
a stratigraphic succession of distinctive ore types which 
i n c lude:
1 . a galena-sphalerite ore (kuroko);
2 . a chalcopyrite ore (oko); and
3. a pyrite ore (ryukako).
Within these ore types massive, banded, colloidal and 
fragmental varieties are recognized. In addition, dissemin­
ated and vein ores occur adjacent to or underlying the 
Kuroko ore bodies. Also, as with the Kangiara mineralization,
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the Kuroko ores occur in acid volcanic rocks, with brecciated 
felsic lavas and/or felsic tuff breccias in the immediate 
vicinity of the stratiform deposit. Sedimentary features 
are also displayed.
Both Kajiwara (1970, 1971) and Sato (1971, 1973) have 
calculated the physicochemical conditions of precipitation 
of Kuroko deposits. Somewhat different conclusions, however, 
were reached by these authors. Kajiwara (1970) summarized 
the range of temperature of environment for Kuroko deposits 
as occurring between about 150°C and about 200°C, and not 
exceeding 250°C. Sato (1971, 1973) concluded that variable 
physicochemical conditions existed for the Kuroko deposits, 
but the initial chemical composition of the mineralizing 
solution must fall with a narrow range. According to Lambert 
and Sato (1974), Sato's (1971; 1973) determinations adequate­
ly explained the observed precipitation of F e , Cu, Pb, Zn,
Ba and A g , but not A u . To explain the occurrence of Au, Sato 
(1973) speculated that Au precipitated below the Kuroko 
massive mineralization and was transported in the solid 
(colloidal) state to the massive mineralization (Lambert and 
Sato, 1974). Sato (1973, quoted in Lambert and Sato, 1974) 
further concluded that coprecipitation of barite with 
sulphide mineralization in Kuroko deposits is impossible 
unless there was metastable persistence of sea-water sulphate 
in the reducing ore-forming environment.
Within the region between Canberra and Cooma in the 
southern part of the Cowra-Yass Synclinorial Zone (Figure 1-1) 
a number of base-metal sulphide deposits occur which have
197.
some similarities with deposits in the Kangiara region. 
Gilligan (1975a, p.228) stated that there is an association 
between the base-metal sulphide mineralization and the acid 
volcanic rocks of this southern region. The deposits are 
predominantly stratabound disseminated and stockwork-type, 
and vein-type deposits developed within Silurian acid volcanic 
rocks. In addition, mineralization within limestone units 
occurs within sequences of shales and acid volcanic rocks.
The massive banded mineralization associated with the 
Harnett prospect and Dartmoor mine near Cooma (Gilligan,
1975a) can be compared to the massive banded varieties of 
the Kangiara mine. Paucity of known massive sulphide mineral­
ization is characteristic of both regions. For the 
Canberra-Cooma area Gilligan (1975a, p.228) stated that 
this may be due to the lack of a suitable depositional 
environment for accumulation of massive sulphide mineraliz­
ation, or perhaps the massive sulphide bodies were removed 
by erosion, even possibly by later ash flows.
In both the Kangiara region and the Canberra-Cooma 
area vein deposits occur within acid volcanic rocks, and can 
contain Au, Cu, Pb, Zn and Ba. Gilligan (1975a) considered 
that the vein and stratabound deposits are genetically 
related to each other.
A number of other significant Silurian stratiform 
sulphide base-metal deposits occur in the Lachlan Fold Belt.
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These include the Lake George mine at Captains Flat and the 
Woodlawn mine (Figure I-1). Both deposits have similar 
characteristics, are associated with acid volcanism, ignim- 
britic in part (Table VIII-1) and have similar sulphur iso­
topic values (Stanton and Rafter, 1966; Burns and Smith,
1976) to the Kangiara mine. Markham (1975b, p.680) stated 
that the Woodlawn and Lake George mines were formed under 
submarine conditions. Unlike the Kangiara region, the area 
around these deposits represents narrow rift zones (Markham, 
1975b), with the acid volcanic rocks having been subjected 
to severe deformational effects which have commonly oblitera­
ted primary textural features (Davis, 1975). Some of the 
volcanic rocks which host the mineralization at both the 
Lake George mine and the Woodlawn mine have been converted 
to schists.
Corbett e_t al. ( 1974 ) described the Mount Read Volcanics 
in Tasmania as an important mineralized belt of predominantly 
acid volcanic rocks. The volcanic sequence hosts a number 
of significant deposits, including the Cu orebodies at Mt 
Lyell and the Pb-Zn orebodies at Rosebery (Table VIII-1).
Reid (1975) concluded that the sulphide mineralization and 
associated host rock alteration at Mt Lyell are genetically 
related to the Cambrian Mount Read Volcanics and that the 
mineralization shows features of hydrothermal emplacement as 
well as a volcanic exhalative-syngenetic origin. Burton 
(1975) described the Rosebery deposit as a stratabound 
massive sulphide body associated with silicic pyroclastic 
and sedimentary rocks of the Mount Read Arc. Similar to the 
Lake George mine, but unlike the Kangiara mine, the Rosebery
Table VIII-1 Comparison of Volcanogenic Ore Deposits
Deposit Kangiara Woodlawn Lake George
Age Silurian Silurian Silurian
Host Rocks Volcanic breccia, lapilli 
tuff, tufflava, fine grained 




black shale and metadolerite.
Crystal tuffs, volcanic 
breccias, rhyolitic lavas, 




Complex, several types incl­
uding chloritization, silic- 
i f i c a t i o n  & sericitization.
Extensive aureole of chloritiz­




Shape Both lenticular & irregular. Both lenticular & irregular. Lenticular
Composition Massive, consisting of zones 
of distinct mineralogy, with 
disseminated & vein mineral­
ization beside or underneath.
Massive, consisting of zones 
of distinct mineralogy, with 
disseminated & vein mineral­
ization beside & underneath.
Massive, consisting of zones 





Pyrite, sphalerite, chalcopy- 
rite, galena, tetrahedrite- 
freibergite bismuthinite, 
native silver, electrum & 
native bismuth (?)
Pyrite, sphalerite, chalcopy- 
rite, galena, tetrahedrite- 
tennantite, arsenopyrite, 
pyrrhotite and stannite.
Pyrite, sphalerite, galena, 
chalcopyrite, tetrahedrite- 
tennantite, arsenopyrite, 




Quartz, barite, chlorite, 
calcite and sericite.
Chlorite, quartz, talc, 
sericite, fluorite & barite.




Compositional banding of 
ore; graded bedding & imbric­
ate structure within frag­
mental ore; colloidal text­
ures common.
Compositional banding of ore. Compositional banding of ore
References Present study Gilligan 1975b 




Table VIII-1 (Cont.) Comparison of Volcanic Ore Deposits
Deposit(s) Rosebery Kuroko-type Noranda-type
Age Cambrian Tertiary (Miocene) Precambrian (Archaean)
Host Rocks Crystal, vitric & lithic 
tuffs, volcanic breccias, 
black slate, siltstone, 
tuffaceous sandstone, schist 
& chert.
Acid tuff, tuff breccia, 
rhyolite dome & mudstone.
Andesites & rhyolites, flows 
lava domes & explosive breccias 






ation, sericitization & 
argillic alteration.
Chlor i t i z a t i o n , sericitiz­
ation & silicification; well 
developed alteration pipes.
0 rebody 
Shape Lenticular Both lenticular & irregular Lenticular, irregular & pod-like
Composition Massive, consisting of zones 
of distinct mineralogy.
Massive, consisting of zones, 
of distinct mineralogy, with 
vein & disseminated mineral­
ization beside fi/or underneath
Massive, consisting of zones 
of distinct mineralogy, with 





Pyrite, sphalerite, galena, 
chalcopyrite, tetrahedrite- 
tennantite, pyrrhotite, 
hematite, magnetite & 
a r s e n o p y r i t e .
Pyrite, sphalerite, galena, 
chalcopyrite, complex Cu, P b , 
B i , Sb sulphosalts, bornite & 
tetrahedrite-tennantite.
Pyrrhotite, pyrite, chalco­
pyrite, sphalerite and 




Chlorite, quartz, manganese 
carbonates, sericite & barite
Quartz, sericite, barite, 
chlorite, kaolinite & gypsum
Quartz, chlorite, biotite & 
a m p h i b o l e .
Ore
Textures
Compositional banding of ore. 
Relict "colloform" textures 
are present.
Compositional banding of ore; 
graded bedding & imbricate 
structure within fragmental 
ore; colloidal textures common.
Compositional banding of ore & 
fragmental ore are present.
References Burton (1975) 
Brathwaite (19 74)
Matsukuma & Horikoshi (1970), 
Ishihara (1974), Lambert & 
Sato (1974).





deposit locally occurs in lenses of tuffaceous siltstone and 
shale of a massive pyroclastic sequence (Burton, 1975).
Burton (1975) further noted that the Rosebery deposit bears 
similarities with the Kuroko deposits of Japan and the New 
Brunswick deposits in Canada.
Hutchinson (1973) has made an extensive review of 
volcanogenic sulphide deposits. The Kangiara mineralization 
appears similar to the Cu-Zn-Pb-Ag type of volcanogenic 
massive sulphide deposit formed in the later stages of a 
Phanerozoic continental margin mobile belt (cf. Hutchinson, 
1973, fig. 6 ). Such a type, and the proposed model of 
double arc system, could explain the formation of two 
subparallel felsic calc-alkaline volcanic rock zones (Cowra- 
Yass Synclinorial Zone and Goulburn-Captains Flat Synclinorial 
Zone), and associated volcanogenic mineral deposits in the 
Lachlan Fold Belt.
The "Cu-Zn type" deposit (Hutchinson, 1973, p p .1225-1228) 
in the Superior Province of Canada, have many similarities 
to the Kangiara mineralization. Bennett and Rose (1973) 
found that the Archaean felsic volcanic rocks associated 
with massive sulphide deposits of the Superior Province 
show a high K^O/Na^O ratio and high Mg content. A high 
K 2 0 / N a 2 0 ratio, as found in the Kangiara mineralization, 
may be due to K-metasomatism and/or removal of Na 
during alteration. Mg-metasomatism associated with 
the Superior Province mineralization, caused by the formation 
of chlorite, anthophyllite, cordierite, dolomite, or magnesite 
(Bennett and Rose, 1973) can explain the high Mg content*
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A high Mg (and Fe) content of the volcanic rocks is assoc­
iated with intense chloritization at the Kangiara mine.
The Noranda volcanic belt is the largest of the Archaean 
volcanic belts in the Canadian Shield (Baragar, 1968). It 
has been considered (Baragar, 1968) that the felsic group of 
this belt, concentrated in the central and eastern parts, 
identifies eruptive centres. Spence and de Rosen-Spence 
(1975) stated that the Noranda ore deposits tend to be 
grouped in the central part of the belt and are restricted 
to certain rhyolite formations (similar to the Kangiara 
mine). Only low-grade metamorphism, of low greenschist 
facies, has affected the Noranda area, without widespread 
development of schistosity (Spence and de Rosen-Spence, 
1975). There are many similarities between the Noranda Cu- 
Zn deposits and the Kangiara deposit (Table VIII-1), but 
differences are the absence of significant Pb mineralization 
and the occurrence of both tholeiitic and calc-alkaline 
andesites at Noranda. These differences may have resulted 
from the Noranda deposits forming under primitive crustal 
conditions, with the associated volcanic rocks being derived 
from poorly differentiated upper mantle (Hutchinson, 1973). 
It was concluded by Spence and de Rosen-Spence (1975) that 
the massive Cu-Zn sulphide deposits of Noranda are related 
to the rhyolites that underlie them, and were probably 
deposited by hot springs in a deep submarine environment.
Recently Sylvester (1976) described the Mons Cupri Cu 
deposit in the Pilbara Block of Western Australia as a
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stratabound body associated with an Archaean volcanic centre. 
Sylvester (1976) observed features which are similar to the
Kangiara deposit ---  chloritization with subsequent loss of
alkalis and C a , and addition of Fe and (to a lesser extent)
Mg, and an association with a felsic agglomerate. Although 
no mineralogical zonation of ore is apparent, the disseminated 
to massive Cu, Pb and Zn mineralization is similar to the 
Kangiara mineralization and contains trace amounts of bismuth- 
inite and tetrahedrite.
The origin of the significant Broken Hill deposit has 
long been a controversial subject (King, 1975), being 
complicated by the high grade of metamorphism to which its 
host rocks have been subjected (Johnson and Klingner, 1975).
It has recently been suggested (Stanton, 1972; Johnson and 
Klingner, 1975; and King, 1975) that the Broken Hill deposit 
originally occurred in a volcano-sedimentary sequence, and 
in this respect it is similar to other stratiform base-metal 
deposits of less-metamorphosed terrains (for example,
Rosebery, Captains Flat, New Brunswick deposits in Canada, 
and the Kuroko deposits) (Johnson and Klingner, 1975). The 
repeated deformation and metamorphism which the Broken Hill 
mineralization (Lawrence, 1973) and host rocks (Rutland,
1973) have undergone, together with no accurate measure of 
the chemical changes which have occurred during metamorphism 
leads to difficulties in comparing the Kangiara deposit to 
the Broken Hill deposit.
The Ore Forming Model
For part of the Silurian period the environment of the
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Kangiara region is thought to have been a continental margin, 
on which extensive volcanic activity occurred. This resulted 
in a large volume of ash-flow tuffs derived from nuees ardentes 
or lava flows (possibly on a larger scale than those of 
Mont P e l e e , cf. P e r r e t , 1935 ). In addition to volcanism, 
normal sedimentation was contemporaneous in localized areas, 
possibly related to volcanic islands on the continental 
shelf. Minor intercalations of limestones and shales were 
deposited. Fumaroles, containing S and metal-rich chloride 
solutions were introduced into earlier-formed volcanic 
rocks. A major part of the sulphide ores and alteration 
zones in the Kangiara region were formed in association with 
these fumaroles. The metal-rich solutions were derived from 
the volcanic rocks themselves with the metal ions scavenged 
by surface water (mainly sea water) circulation. Part of 
the Kangiara mineralization may have been deposited on the 
sea floor, when metal ions combined with sulphur, which was 
originally derived from seawater sulphate. During the 
formation of this mineralization submarine mudflows disturbed 
the newly formed sulphide minerals, resulting in fragmental 
ores. At the Kangiara mine the quantity of S was low resulting 
in a paucity of pyrite and an excess of Fe in the environ­
ment. This Fe was then incorporated into the chlorites, the 
only available minerals able to accommodate the excess — —  
creating an Fe-rich chlorite. The S content of the surface 
water is possibly the governing factor, which in turn is 
controlled by whether the subaqueous environment is marine, 
partly marine or freshwater.
At the Spion Kop mine the subaqueous environmental 
conditions were slightly different, possibly being more 
marine than freshwater. This resulted in more S being avail­
able than at the Kangiara mine -— - and the formation of 
abundant pyrite. The amount of Fe in the Spion Kop ore 
system was depleted by combination with S, and thus the 
chlorite gangue minerals contain less Fe (and more Mg).
It has been suggested (Large, 1977, p.570) that differ­
ences in the gangue mineral chemistry are a result of "recyclingw 
through the volcanic rock pile. However, Large (1977) 
accounted for the different hydrothermal solutions by a 
difference in the chemistry of the volcanic rock pile. Such 
an explanation is not applicable for the Kangiara and Spion 
Kop mines as both occur in the same chemically uniform 
volcanic rock unit. Differences in the sulphur content of 
the surface water therefore appears a more feasible 
e x p l a n a t i o n .
The ore-forming environment for the Kangiara mineraliz­
ation is believed to be a Silurian equivalent to that which 
produced the Miocene Kuroko deposits of Japan (Tatsumi,
1970; Ishihara, 1974; and Lambert and Sato, 1974). Recently, 
modern analogues for sulphide mineral deposits have been
recognized ---  from Atlantis II Deep under the Red Sea
(Degens and Ross, 1969); Matupi Harbour, New Britain 
(Ferguson and Lambert, 1972); Volcano, Italy (Honnorez et 
a l ., 1973); Talasea, New Britain (Ferguson et a l ., 1974 ); 
and Broadlands, New Zealand (Ewers and K e a y s , 1977).
Subsequent to formation of the Kangiara ore deposit tectonic
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movements deformed the ores, alteration zones and host 





The Kangiara region of New South Wales is part of the 
Yass Shelf of the Lachlan Fold Belt, and is dominated by the 
Silurian Hawkins Volcanics, an ash— flow tuff seguence of K —rich 
calc-alkaline volcanic rocks. This sequence was probably 
deposited on a continental margin within a marine to 
terrestrial environment. Volcanic breccias, extensive 
alteration zones, and a more acidic volcanism near the 
Kangiara mineralization indicates that the area surrounding 
Kangiara was a Silurian volcanic centre.
In the discussion (Chapter VIII) it was shown that 
the mineralization at Kangiara should be regarded as 
a massive sulphide stratiform deposit consisting of a Pb- 
rich lode overlying a Cu-rich lode. Disseminated and vein 
mineralization occur adjacent to,and underlying the high grade, 
limited size, massive Kangiara mineralization. In the 
vicinity of Kangiara there is a cluster of other base-metal 
sulphide deposits which possess some significant similarities 
of macroscopic, microscopic and chemical features to the 
Kangiara deposit. These deposits form a type which contrasts 
markedly with the mineralization in skarns, limestone units 
and in adjacent Ordovician sedimentary rocks.
Fragmental textures and the presence of structures 
similar to graded bedding and imbricate structure, coupled 
with banding and colloform textures, imply the influence of 
both volcanism and sedimentation in the formation of the
207.
Kangiara ores. These textures and structures, as well as
34the high sulphur isotope values (6 S), clearly indicate the
influence of seawater in ore formation. Fumarolic activity, 
with the fumaroles (brines) containing chalcophile elements, 
combined with sulphur to form the massive sulphide mineral­
ization at the water-sediment interface. The metal ions 
were scavenged from the pyroclastic country rocks by a 
convecting geothermal system. Associated alteration zones 
can also be explained by fumarolic activity.
Like the Kangiara mineralization, the chalcophile elements 
of the mineralization in limestone and calc-silicate hornfels 
were possibly precipitated from phases of exhalative volcanism, 
in these cases being deposited in association with calcareous 
sediments. Granitic intrusions in the Rye Park - Boorowa 
area metamorphosed sedimentary lenses by a heat front which 
accompanied the intrusions, to form the calc-silicate hornfels.
Various features and characteristics of the mineraliz­
ation and host rocks of the Kangiara region outlined in this 
present investigation can be used as guides in exploration 
for ore deposits in similar felsic volcanic terrains of 
the world. Such features include: volcanic breccias 
and a more acid phase of volcanism associated with the 
mineralization at the Kangiara mine; stratiform and 
vein deposits of the Kangiara mineralization occur as 
a cluster; pyrite from sulphide base-metal deposits 
is distinguishable from pyrite in skarn mineralization, 
volcanic rocks and quartz veins on the basis of trace
208 .
element contents (Ag, Pb, Cu, Mn, Mo and T i ) ; distinct rock 
alteration — —  chloritization, sericitization, argillization 
and silicification — —  encloses, or is adjacent to, the 
mineralization; and as a consequence of the wall-rock alter­
ation the volcanic rocks associated with mineralization 
contain a higher K^O: N a 2 0 ratio than volcanic rocks 
unrelated to mineralization.
Deposits of the Kangiara region are similar to those 
of other regions in eastern Australia, such as the southern 
part of the Cowra-Yass Synclinorial Zone; the regions 
surrounding Captains Flat and Woodlawn; and Mt Lyell-Rosebery. 
However, due to a lower degree of deformation around Kangiara 
the primary textures of the volcanic rocks are better 
preserved than in the other mineralized areas. This has 
allowed a meaningful detailed study of volcanic host rocks 
to be made, with the important conclusion that volcanic 
rocks near the stratiform Kangiara mine are (partly marine) 
ash-flow tuffs.
Thus investigation of the Silurian rocks of the Kangiara 
region has established noticeable similarities of felsic 
volcanic host rocks and sulphide mineralization in Palaeozoic 
base-metal volcanogenic deposits in eastern Australia. It 
is possible to extend such comparisons to the Miocene Kuroko 
deposits of Japan and the Precambrian deposits of the Superior 
Province of Canada. The similarity of these sulphide volcano­
genic deposits suggests that they have a common mode of 
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C o m p u t e r  P r o g r a m s  U s e d  f o r  S t a t i s t i c a l  A n a l y s i s
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STIL Mean, standard deviation and variance. 1 Donaghey and Ozkul (1969)
SPSS R-mode factor analysis, estimated commun- 
ality, eigenvalues, percentage of variance 
of the factors, product moment correlation 
coefficients and varimax rotated factor 
matrix after rotation with Kaiser 
Normalization.
2 Unpublished notes of the 
Statistical Package for 
Social Sciences, Vogelback 
Computing Centre North­
west Univ.
CORC Spearman rank correlation coefficients. 2 CSIRO Food Processing Adm. (pers. comm., 1976).
MULCLAS 3 MULCLAS Sample classification (cluster analysis). 2 Lance and Williams (1967; 1970, unpubl)., and D. Rigb 
(pers. comm., 1976).
GROUPER Attribute means and contributions to the 
similarity measure for each comparison in 
the sample classification.
GOWER Q-mode factor analysis
GOWECOR Correlation coefficients between Q-mode 
factors and original attributes




U n i v e r s i t y  of Wollongong (UNIVAC 1106)
CSIRO Mineral Research Laboratories (CYBER 76)
In the analyses for the package program "MULCLAS" all distributions 
were standardized (x = 0; o - 1). >u>
A4
The following notes refer to the data listed in 
both Appendices 2 and 3.
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7058 to 7073, 





7080, 7081 and 
7082;
7083 and 7084; 
7085 and 7086; 
7089 ;
rhyolites to rhyodacites near Kangiara 
("u n a l t e r e d " )
rhyolites to rhyodacites near Kangiara 
("altered" and/or "mineralized")
rhyolites to dacites in the Kangiara 
region ("unaltered")
rhyolites to dacites from mineral 
deposits in the Kangiara region.
Brown's (1941; Browne, 1954) Laidlaw 
"Series"
Brown's (1941; Browne, 1954) Douro 
"Series"
Brown's (1941; Browne, 1954) Hawkins 
"Series"
Devonian volcanic rocks
Granodiorites from near Rye Park 
Calc-silicate hornfels 
Calcareous agglomerate
The location of sample sites are shown in Figure 1-2 
Samples obtained from diamond drill holes were: 7011, 7012,
7013 and 7014 - Kangiara DDH, 113m, 136m, 146m and 175m;
7060, 7061 and 7062 - Marie Correlli DDH 3, 33m, 145m and 191m; 
7072 - Red Hill DDH 3, 37m; 7073 - Rays Prospect Yl, 165m;
7085, 7086, 7087 and 7088 - B520 Prospect DDH 4, 69m, 83m,
95m and 243m; and 7089 - Humewood DDH 1, 17m. Samples 
obtained from Kangiara mine dumps were 7015, 7016, 7017 and 7018, 
Clan MacKenzie mine dump - 7022, and Spion Kop mine dump - 7064. 
All other samples were obtained from surface exposures.
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APPENDIX 2
C h e m i c a l  A n a l y s e s , Norms a n d  Rook I n d i c e s  o f  
Rock S a m p l e s  f r o m  t h e  K a n g i a r a  R e g i o n
N o t e :
n . d • = not detected
n . a . = not applicable
nx ~ not detected at xppm (for emission 
spectrographic results)
<x line seen but less than lowest standard 
(xppm) (for emission spectrographic 
r e s u l t s )
- = not determined
S. I. = Solidification Index
D. I. = Differentiation Index
C. I. = Colour Index (based on mesonorms)
%An = Percentage of anorthite (based on mesonorms)
"Mineral" abbreviations for C.I.P.W. norms and
mesonorms are based on Hutchison (1974, pp. 415 and 
423) .
Methods of analyses are outlined in Chapter II and 
for all chemical analyses the analyst was the author.
APPENDIX 2
Chemical Analyses of Rock Samples from the Kangiara Region
Sample
No. 7001 7002 7003 7004 7005 7006
May or e l e m e n t  a n a l y s e s 3 i n w e i g h t  p e r c e n t
SiC>2 72.81 72.40 71.84 70.75 69.39 69.25




i—!<c 13.43 13.63 12.72 13.62 15.03 14.61
Fe2 0 3 .47 .73 1 . 0 0 1.32 1 . 2 1 1.07
FeO .39 1.60 1 . 1 2 2.39 2.46 2.64
MnO .08 .09 .05 .09 .07 .09
MgO . 39 1.28 .62 2.19 1.56 2.09
CaO 1.28 .50 .43 .23 2 . 1 0 1.40
Na 2 0 1.44 1.23 1.16 .93 2.28 1.98
K20 8 . 6 8 6.83 6.79 5.78 4.57 4.78
p 2o 5 . 1 0 . 1 1 .08 . 1 0 . 1 2 . 11
h 2o (+) . 35 1.93 1.24 2.23 1.33 1.93
H 20(-) .23 . 31 . 37 .50 . 26 .45
CO 2 .87 .40 .42 . 16 .14 . 2 2
s n. d. n. d. n. d. n. d. n . d. n . d.
Total 1 0 0 . 6 6 101.37 98.14 100.81 101.07 101.17
Trace e l e me n t  a n a l y s e s 3 i n p a r t s  p e r mi l l i o n
Ag nl nl nl nl nl nl
B 6 25 15 25 15 20
Ba 400 300 800 300 400 400
Cd nlO nlO nlO nlO nlO nlO
Cr n 20 25 20 30 30 40
Cu 20 1 10 3 10 8
Ga 8 15 20 20 20 15
Ge nl 1 nl 1.5 1 1
Mo nl nl nl nl nl nl
Ni n3 3 8 6 8 8
Pb 25 10 20 10 40 25
Sb n30 n30 n30 n30 n30 n30
Sc <10 <10 nlO 15 15 10
Sn 3 4 3 4 2.5 2
T1 nl nl nl nl nl nl
V 10 40 60 100 150 10 0
Y 60 60 100 60 60 60
Yb 8 4 n3 3 4 3
Zn 60 30 400 100 40 80
Zr 150 200 100 200 250 20 0
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Norms and Rook Indices for the Chemically Analysed Rocks
from the Kangiara Region
Sample
No. 7001 7002 7003 7004 7005 7006
Mesonorms ( volume p e r c e n t )
Q 27.23 38.69 39.67 44.56 35.31 38.05
C - 2 . 6 6 2 . 2 2 4.00 2.36 3.13
Or 49.77 36.27 39.62 28.55 21.27 21.07
PI 15.37 11.14 10.74 8 . 2 2 27.22 21.57
Bi 1.50 7.27 3.97 10.29 9.03 11.38
Ho 3.00 - - - - -
Hy - - - - - -
Mt 2.32 2.71 2.73 3.08 3.06 3.10
Hm - - - - - -
11 - - - .41 - -
Tn .25 .61 .57 .27 1.03 1.04
Ap .57 . 6 6 .49 .62 .72 .67
Cc - - - - - -
C . I . P .  w. Norms ( w e i g h t  p e r c e n t )
Q 30.43 36.97 39.64 39.77 31.47 33.18
C 1.59 4.54 3.98 6.14 3.14 4.46
Or 51.24 40.71 41.56 34.82 27.14 28.59
Ab 12.17 10.49 10.16 8 . 0 2 19.38 16.95
An . 2 0 - - - 8.79 4.89
Wo - - - - - -
Di - - - - - -
Hy 1 . 2 2 5.19 2.46 8 . 2 2 6 . 6 6 8.53
Mt . 6 8 1.07 1.50 1.95 1.76 1.57
Hm - - - - - -
11 .27 .63 .59 1 . 0 1 1.05 1.06
Ru - - - - - -
Ap .24 .26 . 20 .24 .29 .26
Cc 1.98 .92 .99 .37 .32 .51
Rock I n d i c e s
%An 23.2 5.3 5.2 .0 27.4 19.5
FeO/Fe2 0 3 0.83 2.19 1 . 1 2 1.81 2.03 2.47
K 20/Na20 6.03 5.55 5.85 6 . 2 2 2 . 0 0 2.41
S.I. 3.43 10.97 5.80 17.37 12.91 16.64
•H•P 93.84 88.17 91.37 82.61 77.99 78.72
C.I. 6.82 9.98 6.70 13.78 12.09 14.48
S.G. 2.65 2.76 2.73 2.83 2.78 2.82
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Chemical  A n a l y s e s  of  Rock Samp l e s from t he K a n g i a r a R e g i o n
Sample
No. 7007 7008 7009 7010 7011 7012
May or e l e m e n t  a n a l y s e s 3 i n w e i g h t p e r c e n t
Si02 67.65 66.64 66.56 66.31 67.13 62.98
Ti02 .50 .67 . 6 6 .69 .49 . 51
Al 2 0 3 13.89 14.72 15.29 15.23 14.53 15.19
Fe 2 0 3 1 . 6 6 1.23 1.31 1.26 1.47 1.89
FeO 2.23 3.58 3.23 3.77 3.10 4.39
MnO .07 . 1 1 . 1 0 . 11 .07 .06
MgO 1.28 2.50 2.19 2 . 2 2 1.57 2.36
CaO . 2 1 .48 1.85 2.59 .18 . 16
Na 2 0 1.97 1.93 1.98 1.79 .19 . 13
K20 6 . 0 0 5.06 4.04 3.96 6.85 9.36
P 2O 5 .07 . 13 .13 .13 .15 . 16
h 20 (+) 2.03 2.64 1.93 2.15 2.48 2.40
h 2o (-) .47 . 36 . 22 .33 .61 .49
0 0 ro . 24 .43 .14 . 2 1 . 2 1 .19
s n. d. n. d. . 0 1 n. d. .26 n. d.
Total 98.27 100.48 99.64 100.95 99.29 100.27
Tr ac e e l e me n t  a n a l y .s e s 3 i n p a r t s  p e r  m i l l i o n
Ag nl nl nl nl nl nl
B 20 15 20 25 10 3
Ba 1000 600 300 400 2 0 0 0 1500
Cd nlO nlO nlO nlO nlO nlO
Cr 30 60 40 40 30 30
Cu 2 25 15 20 25 25
Gel 20 15 20 15 15 20
Gs 1 1 1 nl 1 nl
Mo nl nl nl nl nl 1
Ni 6 15 10 8 10 8
Pb 15 20 25 25 200 300
Sb n30 n30 n30 n30 n30 n30
Sc 15 15 20 15 15 15
Sn 4 1 2.5 2.5 4 3
T1 nl nl nl nl 1 nl
V 100 100 100 150 100 10 0
Y 100 60 40 40 80 1 0 0
Yb 3 4 4 3 3 3
Zn n30 80 100 60 600 1000
Zr 150 200 150 200 n80 10 0
APPENDIX 2 (Cont.)
Norms and Rock Indices for the Chemically Analysed Rocks
from the Kangiara Region
Sample
No. 7007 7008 7009 7010 7011 7012
Mesonorms ( volume p e r c e n t )
Q 34.89 37.52 38.25 37.59 42.06 27.64
C 2.91 4,23 3.79 3.10 4.77 3.37
Or 33.51 21.46 15.98 14.43 37.08 49.66
PI 17.76 17.34 23.81 25.53 1.72 1.16
Bi 6.70 14.17 12.73 13.84 9.30 13.25
Ho - - - - - -
Hy - - ~ - - -
Mt 3.11 3.36 3.34 3.37 3.10 3.10
Hm - - - - - -
11 - .25 - - .54 .56
Tn .33 .85 1.28 1.33 - -
Ap .44 .81 .81 .81 1.43 1.26
Cc - - - - - -
C. X.P. w. Norms ( w e i g h t  p e r c e n t )
Q 32.18 31.52 32.13 31.12 37.92 21.46
C 4.70 6.67 5.06 4.16 7.66 5.52
Or 37.01 30.67 24.49 23.81 42.18 56.79
Ab 17.40 16.75 17.18 15.41 1.67 1.13
An - - 7.63 1 0 . 8 6 - -
Wo - - - - - -
Di - - - - - -
Hy 5.44 11.16 9.64 1 0 . 6 6 8.03 11.96
Mt 2.51 1.83 1.95 1 . 8 6 2 . 2 2 2.81
Hm - - - - - -
11 .99 1.31 1.29 1.33 .97 .99
Ru - - - - - -
Ap .17 .32 .32 .31 .37 .39
Cc .57 1 . 0 0 .33 .49 .52 .44
Rock I n d i c e s
%An . 0 . 0 25.3 37.4 .0 . 0
Fe0 / F e 203 1.34 2.91 2.47 2.99 2 . 1 1 2.32
K 20/Na20 3.05 2.62 2.04 2 . 2 1 36.05 72.00
S.I. 9.74 17.48 17.18 17.08 11.91 13.02
D.I. 86.59 78.94 73.80 70.34 81.78 79.38
C.I. 10.18 17.78 16.07 17.21 12.40 16.35
S.G. 2.80 2.87 2.84 2 . 8 6 2 . 8 6 2 . 8 6
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Chemical Analyses of Rook Samples from the Kangiara Region
Sample
No. 7013 7014 7015 7016 7017 7018
May or e l e m e n t  a n a l y s e e ,  i n w e i g h t  p e r c e n t
Si02 67.36 67.48 69.75 61.33 62.95 82.76
Ti02 .59 .43 .48 .48 . 1 1 .26
A 1 20 3 14.78 14.44 13.99 13.22 9.68 8.50
Fe2 0 3 1.26 2.54 .61 1.79 1.67 .37
FeO 2.36 3.84 2.71 11.06 13.30 .87
MnO . 0 0 . 10 . 0 0 . 10 .06 . 0 0
MgO . 12 1.93 .67 4.56 6.15 .41
CaO .27 . 2 1 .09 .17 .23 . 1 1
Na 2 0 .61 . 88 .28 .08 . 0 2 . 1 1
o
CM
W 9.15 4.59 8.30 4.01 .28 4.52
CO
o
CM .16 .15 .18 .16 .14 .14
H 20(+) 1.71 2.84 1.36 4.23 5.09 .87
h 2o (-) .42 .61 . 32 .30 . 30 . 26
CO 2 .14 .08 .19 . 03 .05 .17
s n. d . .45 .07 n . d. . 2 0 . 2 0
Total 98.93 100.57 99.00 101.52 100.03 99.55
Tr ac e e l e m e n t  a n a l y s e s 3 i n p a r t s  p e r m i l l i o n
Ag nl nl nl nl nl 4
B 6 20 15 2 8 10
Ba 800 400 2 0 00 10 00 110 600
Cd nlO nlO nlO nlO nlO nlO
Cr 40 30 40 25 n 20 20
Cu 20 60 400 10 1 0 00 250
Ga 20 20 15 25 30 10
Ge 1 1 nl nl 3 1
Mo 6 2 1.5 2.5 40 nl
Ni 8 10 8 6 3 6
Pb 25 100 150 150 100 1 0 0 0
Sb n30 n30 n30 n30 100 n30
Sc 15 20 10 nlO nlO nlO
Sn 3 4 2.5 10 30 1.5
T1 3 nl 2.5 nl nl nl
V 100 80 40 40 25 40
Y 40 100 40 40 n30 80
Yb 3 4 3 4 4 3
Zn 100 250 400 2 0 0 0 2500 4000
Zr 150 100 200 400 100 2 0 0
Norms and Rook. I n d i c e s  f o r  t h e  C h e m i c a l l y  A n a l y s e d  Rocks  
f rom t h e  K a n g i a r a  Reg i o n
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Sample
No. 7013 7014 7015 7016 7017 7018
Mesonorm .(volume p e r c e n t )
Q 29.10 48.13 37.02 51.73 39.86 64.71
C 2.60 5.73 3.07 6.60 5.74 2.27
Or 51.67 21.80 46.42 .31 - 25.04
PI 5.28 8.09 2.44 .78 .16 .94
Bi 6.56 10.77 6.87 35.24 2 . 0 2 3.35
Ho - - - - - -
Hy - - - - 49.02 -
Mt 3.12 4.03 2.97 3.32 2.28 2.59
Hm - - - - - -
11 .54 .47 .51 .57 .04 .27
Tn .16 .04 - - . 1 1 -
Ap .96 .96 .69 1.46 .77 .83
Cc - - - - - -
C . I . P . W . Norms ( w e i g h t  p e r c e n t )
Q 26.93 41.48 35.50 31.55 44.57 65.61
C 4.18 8.47 5.40 9.17 9.91 4.03
Or 55.28 28.05 50.42 24.43 1.75 27.19
Ab 5.28 7.70 2.44 .70 .18 .95
An - - - - - -
Wo - - - - - -
Di - - - - - -
Hy 5.22 9.55 5.50 30.49 40.45 1.92
Mt 1.87 3.81 .91 2 . 6 8 2.56 .55
Hm - - - - - -
11 1.15 .84 .94 .94 . 2 2 .50
Ru - - - - - -
Ap .39 .37 .44 .39 .35 .34
Cc .33 .19 .44 .07 . 12 .39
Rock I n d i c e s
%An . 0 . 0 .0 .0 .0 .0
FeO/Fe20 3 1.87 1.51 4.44 6.18 7.96 2.35
K 20/Na20 15.00 5.22 29.64 50.13 14.00 41.09
S.I. 7.72 14.01 5.33 2 1 . 2 1 28.71 6.53
D.I. 87.48 77.24 88.36 56.68 46.50 93.75
C.I. 9.68 14.80 10.35 39.13 53.36 6 . 2 1
S.G. 2.76 2.93 2.76 3.15 3.30 2.72
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Chemical Analyses of Rook Samples from the Kangiara Region
Sample
No. 7019 7020 7021 7022 7023 7024
Mag o r e l e m e n t  a n a l y s es > i n w e i g h t  p e r c e n t
Si02 75.32 73.87 1 2 . IS 78.35 80.57 69.85
Ti0 2 . 17 .13 . 25 . 1 0 .04 .52
A120 3 13.30 13.06 13.23 11.08 10.62 14.10
Fe 20 3 .60 . 51 . 40 .60 .16 1.76
FeO . 0 0 . 87 1.49 . 0 2 .00 1.87
MnO . 0 2 . 0 0 . 0 0 . 0 0 . 0 0 .03
MgO . 25 . 10 1 . 1 2 . 0 1 .60 .55
CaO .07 . 18 . 1 1 . 11 .07 .26
Na 2 0 .54 .97 .78 .24 .18 1.27
K 20 8.14 7.19 7.02 7.16 7.30 7.76
p 20 5 .08 . 14 .14 . 12 .14 . 1 0
h 20 (+) .97 2.99 3.25 .96 1.45 1.61
h 2o (-) . 39 . 32 . 32 . 28 .19 . 36
c o 2 .14 .41 . 33 .05 . 31 .17
s n. d. n. d. n. d . .15 .07 n. d.
Total 100.31 100.74 1 0 1 . 2 2 100.30 101.70 100.19
T rac e e l e me n t  a n a l y s e s ^  i n p a r t s  p e r mi l l i o n
Ag 1.5 nl nl nl nl nl
B 20 10 10 3 3 10
Ba 300 400 300 1500 1500 600
Cd nlO nlO nlO nlO nlO nlO
Cr 30 n 20 20 n 20 n 20 20
Cu 10 10 20 300 1 0 0 0 20
Ga 6 15 15 10 10 20
Gs nl nl nl nl nl nl
Mo nl nl nl 1.5 2 nl
Ni 4 3 3 n3 n3 10
Pb 1000 15 1 0 00 250 2 0 00 60
Sb n30 n30 n30 n30 n30 n30
Sc <10 nlO nlO nlO nlO 10
Sn 3 15 3 10 10 3
T1 nl nl nl nl nl 1
V 20 30 40 15 10 80
Y 40 30 30 30 30 80
Yb 6 3 6 4 3 4
Zn 80 400 600 60 20 0 0 800
Zr 150 100 150 100 150 100
Norms and Rook I n d i c e s  f o r  t he  Ch emi c a l l y  A n a l y s e d  Rocks  
f rom t h e  K a n g i a r a  Region
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Sample
No. 7019 7020 7021 7022 7023 7024
Mesonorms ( volume p e r c e n t )
Q 40.48 40.75 41.77 49.14 50.19 33.24
C 2.36 2.45 2.91 1.93 1.56 2.45
Or 48.39 42.35 38.28 43.24 41.14 45.59
PI 4.56 8.30 6.74 2.04 1.49 11.04
Bi 1.08 2.25 6.59 . 39 2 . 8 6 3.35
Ho - - - - - -
Hy - - - - - -
Mt 2.43 2.41 2.61 2.34 2 . 2 0 3.03
Hm - - - - - -
11 .18 .14 .27 . 10 .04 .36
Tn - - - - - .34
Ap .52 1.36 .84 .82 .51 .60
Cc - - - - - -
C.T.P. w. Rorms ( w e i g h t  p e r c e n t )
Q 41.69 42.35 40.83 40.88 51.89 32.26
C 4.05 4.76 5.38 3.21 3.34 3.86
Or 48.76 43.60 42.47 43.24 43.04 46.56
Ab 4.63 8.42 6.76 2.07 1.52 10.94
An - - - - - -
Wo - - - - - -
Di - - - - - -
Hy .63 1.24 4.90 .03 1.49 2.59
Mt .61 .76 .59 - - 2.60
Hm .06 - - .61 .16 -
11 .14 .25 .49 .04 . 02 1 . 0 1
Ru - - - .08 .03 -
Ap .19 .34 .34 .29 .33 .24
Cc .32 .96 .77 . 12 .70 .39
Rook I n d i c e s
%An . 0 . 0 .0 .0 .0 .0
Fe0/Fe203 _* 1.71 3.73 0.03 «* 1.06
K 20/Na20 15.07 7.41 9.00 29.83 40.56 6.09
S.I. 2.62 1.04 10.36 0 . 1 2 7.27 4.17
D. I. 95.08 94.37 90.06 96.20 96.45 89.76
C.I. 3.69 4.80 9.47 2.83 5.10 6.74
S.G. 2.69 2.76 2.80 2 . 6 8 2.69 2.75
* FeO was not detected
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Chemical Analyses of Rook Samples from the Kangiara Region
Sample
No. 7025 7026 7027 7028 7029 7030
M a j o r e l e m e n t  a n aly s e s 3 in w e i g h t  p e r c e n t
Si02 69.60 69.28 66.50 71.54 71.41 70.38
Ti02 . 53 . 55 .51 . 41 .56 .37
A 1 20 3 14.32 1 2 . 1 1 14.01 13.23 13.78 14.94
Fe2 0 3 . 99 2 . 1 0 5.76 1.07 .94 2.84
FeO 2.65 2.19 . 0 0 2.32 1.35 .13
MnO . 05 .04 .48 .08 . 0 0 . 00
MgO 1.90 1.59 . 17 1.46 . 55 . 0 1
CaO . 34 . 12 . 1 0 2.84 .43 .53
Na 2 0 3.54 . 42 .73 1.99 1.47 4.40
K 20 5.97 7.86 8.34 1.94 7.06 4.29
P 2 0 5 . 10 . 1 0 . 10 .09 . 09 .04
h 2o (+) 2.47 1 . 8 8 1.77 1.94 1.18 .96
h 2o (-) . 48 . 29 .65 . 51 . 40 . 35
co 2 .14 .24 . 10 . 11 .09 . 12
s n. d. .48 n . d . n . d . n.d. n.d.
Total 100.98 99.25 99.22 99.53 99.31 99.35
Trace e l e m e n t  analy s e s 3 in p a r t s  p e r mi 11 i on
Ag nl nl nl nl nl nl
B 20 3 10 3 1 1
Ba 400 800 1000 300 20 00 800
Cd nlO nlO nlO nlO nlO nlO
Cr 30 30 25 40 40 n 20
Cu 15 600 8 25 8 1
Ga. 15 20 20 15 10 8
Ge 2 nl nl nl nl nl
Mo nl nl nl nl nl nl
Ni 6 10 20 8 6 n3
Pb 40 200 30 20 3 10
Sb n3Q n30 n30 n30 n30 n30
Sc 10 10 15 15 10 10
Sn 2.5 3 3 1 1.5 1.5
T1 nl nl 1 nl nl nl
V 100 80 60 80 80 25
Y 60 100 80 n30 60 n30
Yb 6 n3 6 n3 3 n3
Zn 400 600 1500 150 30 40
Zr 200 200 150 150 150 200
APPENDIX 2 (Cont.)
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Norms and Rock. Indices for the Chemically Analysed Rocks
from the Kangiara Region
Sample
No. 7025 7026 7027 7028 7029 7030
Mesonorms (volume - pe r c e n t )
Q 25.75 38.14 31.31 49.12 35.78 28.18
C 1.34 2 . 0 1 2.59 2.38 2.49 1.80
Or 28.34 44.96 52.34 5.45 40.35 26.82
PI 30.05 3.73 6.44 29.87 12.67 39.43
Bi 10.17 6.42 .53 8.89 4.16 -
Ho - - - - - -
Hy - - - - - -
Mt 2.97 3.21 .82 2.94 3.06 . 22
Hm - - 4.85 - - 2.61
11 .24 .60 . 0 1 - . 1 2 -
Tn .54 - - .79 .82 .70
Ap .59 .94 .78 .56- .54 .24
Cc - - - - - -
C.I.P.W. Norms ( w e i g h t  p e r c e n t )
Q 21.77 35.63 31.44 44.86 35.05 28.25
C 1.98 3.61 4.21 3.26 3.44 2.52
Or 35.23 48.07 50.90 11.81 42.68 25.85
Ab 29.90 3.68 6.38 17.34 12.72 37.96
An .15 - - 13.19 1 . 0 0 1.64
Wo - - - - - -
Di - - - - - -
Hy 7.99 5.60 .44 6 . 6 8 2 . 2 0 -
Mt 1.43 3.15 .13 1.60 1.39 -
Hm - - 5.86 - - 2.90
11 1 . 0 1 1.08 1 . 0 0 .80 1.09 .28
Ru - - - - - .23
Ap .24 .25 .24 . 2 2 . 2 2 . 1 0
C.c .32 .57 .23 .26 . 2 1 .28
Rock I n d i c e s
%An . 0 . 0 .0 40.3 . 0 2.7
FeO/Fe2C>3 2 . 6 8 1.04 _* 1.31 1.44 0.05
K 20/Na20 1.69 18.71 11.42 0.97 4.80 0.98
S.I. 12.62 11.23 1.13 16.63 4.84 0 . 0 0
D. I. 86.90 87.38 88.71 74.00 90.46 92.06
C. I. 13.38 10.23 6.53 11.83 7.34 2.83
S , G . 2.79 2.78 2.80 2.82 2.73 2.72
* FeO was not detected
APPENDIX 2 (Cont.)
Chemical Analyses of Rock Samples from the Kangiara Region
Sample
No. 7031 7032 7033 7034 7035 7036
Mag o r e l e m e n t  a n a l y s e s j i n  w e i g h t  p e r c e n t
SiC>2 69.68 69.66 69.10 68.91 68.72 68.60
Ti0 2 .53 .55 .50 .52 .57 .49
AI2O3 12.89 14.32 13.92 14.38 14.67 13.56
Fe 2 0 3 1. 89 1.54 1.44 1.63 2.67 1 . 2 0
FeO 2.92 2.06 2.37 2.32 1.59 2.27
MnO .05 .06 . 0 2 . 0 0 .09 .04
MgO 1.29 1.39 .94 1.39 1.52 1.32
CaO 3.40 1.42 2.28 2.03 2 . 2 2 2.52
Na2 0 3.74 2.39 2 . 1 0 2.16 2.16 2.46
O
CM 1 . 6 6 4.99 3.92 4.06 4.40 3.95
P2O5 .06 .14 .08 .08 . 1 0 . 1 1
h 20 (+) 1.97 1.58 1.72 1 . 6 8 1.84 1.72
h 20 (-) .43 .41 .34 .23 .32 .34
co2 .14 .28 .19 .17 .23 .16
s n. d. n.d. n.d. n.d. n.d. n.d.
Total 100.65 100.79 98.92 98.56 1 0 1 . 0 0 98.74
T rac e e l e m e n t  a n a l y sesj i n  p a r t s  p e r mi 1 l i o n
Ag nl nl nl nl nl nl
B 3 10 10 15 10 4
Ba 300 300 300 300 300 600
Cd nlO nlO nlO nlO nlO nlO
Cr 40 30 30 30 30 30
Cu 10 40 8 15 10 8
Gel 15 15 20 20 15 20
Ge 1 nl nl 2.5 nl 1
Mo nl nl nl nl nl nl
Ni 8 6 4 8 6 8
Pb 10 60 15 40 25 15
Sb n30 n30 n30 n30 n30 n30
Sc 15 nlO 15 20 15 10
Sn nl 4 2.5 4 2.5 3
T1 nl nl nl nl nl nl
V 80 80 100 100 10 0 10 0
Y n30 40 60 80 40 100
Yb 3 3 4 3 3 3
Zn 60 40 40 100 100 30
Zr 600 150 150 250 100 10 0
APPENDIX
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No. 7031 7032 7033 7034 7035 7036
Mesonorms (volume p e r c e n t )
Q 34.44 35.06 39.20 37.88 36.11 35.68
C - 2.33 2 . 0 1 2.51 2.23 1.06
Or 5.78 25.44 19.85 2 0 . 1 2 23.24 18.76
PI 44.23 24.93 27.76 27.18 27.13 31.79
Bi 5.72 7.28 6.63 7.67 5 .5 7 8.06
Ho 5.46 - - - — _
Hy - - - - — —
Mt 3.02 3.08 3.08 3.13 4.03 3.04
Hm - - - - _
11 - - - - — _
Tn .99 1.03 .96 1 . 0 1 1.08 .94
Ap .36 .85 .50 .50 .61 . 6 8
Cc - - - - - -
C . I . P . W . Norms (we i g h t  p e r c e n t )
Q 32.58 32.33 36.42 34.30 33.58 32.54
C - 3.43 2.80 3.44 3.13 1.34
Or 9.98 29.84 23.91 24.82 26.27 24.14
Ab 32.20 20.46 18.34 18.90 18.46 21.52
An 13,73 4.41 9.90 8.77 9.00 11.14
Wo - - - - - -
Di 1.76 - - - - -
Hy 5.47 5.24 4.87 5.71 3.82 5.92
Mt 2.79 2.26 2.16 2.45 3.81 1.80
Hm - - - - .07 -
11 1 . 0 2 1.06 .98 1 . 0 2 1.09 .96
Ru - - - - - -
Ap .14 .34 . 2 0 . 2 0 .24 .27
Cc .32 .64 .45 .40 .53 .38
Rook I n d i c e s
%An 26.9 16.4 32.4 28.5 30.2 31.3
Fe0 /Fe 2 0 3 1.54 1.34 1.65 1.42 0.60 1.89
K 20/Na20 0.44 2.09 1.87 1 , 8 8 2.04 1.61
S.I. 11.22 11.24 8.73 1 2 . 0 2 12.32 11.79
D.I. 74.76 82.63 78.67 78.03 78.31 78.20
C.I. 14.20 10.36 9.71 10.80 9.60 1 1 . 1 0
S . G. 2.81 2.78 2.79 2,80 2.80 2.78
APPENDIX 2 (Cont.)
Chemical Analyses of Rock Samples from the Kangiara Region
Sample
No. 7037 7038 7039 7040 7041 7042
Mag o r  e l em e n t  a n a l y sesj i n  w e i g h t  p e r c e n t
Si02 68.30 68.28 67.90 67.89 67.65 67.24
Ti02 .47 .57 .57 .60 .47 .64
A120 3 14.07 14.62 14.60 14.77 14.30 15.11
Fe20 3 1.90 2.53 1.82 .82 1.63 1.83
FeO 2.15 1.75 2.39 3.25 1.85 2.73
MnO .04 .05 .08 .09 .04 .09
MgO 1 . 82 1.55 .99 1.95 1.39 1.95
CaO 3.67 2.49 2.23 1.85 1.67 1.82
Na 2 0 2.46 2.56 2.23 2.47 1.81 2.08
K20 1.25 3.69 4.06 4.30 4.88 4.15
P 2O 5 .09 .09 . 1 0 .13 . 10 . 1 2
H 20(+) 2 . 8 8 .53 1.34 2.24 1.81 2.05
H zO(-) .53 .42 .43 .34 . 54 . 33
CO 2 .15 .17 .19 .16 .13 .27
S n. d . n. d. n. d. n. d. n . d. n .d.
Total 99.78 99.30 98.93 100.86 98.17 100.41
Tr ac e  e l ement  a n a l y s e Sj  i n  p a r t s  p e r m i l l i o n
Ag nl n l nl nl nl nl
B 2 10 4 10 10 10
Ba 300 600 400 400 300 400
Cd nlO nlO nlO nlO nlO nlO
Cr 40 30 30 60 30 40
Cu 10 1 15 15 10 15
Ga 15 20 20 15 10 20
Ge nl nl nl nl nl nl
Mo nl nl nl nl nl nl
Ni 10 10 8 10 6 8
Pb 8 10 15 15 10 40
Sb n30 n30 n30 n30 n30 n30
Sc 20 20 15 20 15 20
Sn nl 2 2 2 2.5 2
T1 nl nl nl nl nl nl
V 80 60 60 100 80 10 0
Y 60 80 40 80 60 60
Yb 3 3 3 3 4 3
Zn 80 40 100 80 60 80
Zr 300 200 150 200 200 20 0
APPENDIX 2 (Cont.)
A12
Norms and Rook I n d i c e s  f o r  
f ro m t h e  K a n g i a r a  Re gi on
t h e  C h e m i c a l l y  A n a l y s e d  Rocks
Sample
No. 7037 7038 7039 7040 7041 7042
Mesonorms ( volume p e r c e n t )
Q 44.70 35.70 36.93 34.79 37.38 37.84
C 1.99 1.94 2.40 2.57 2.69 3.47
Or 1.58 18.60 21.04 17.21 26.11 18.70
PI 38.74 32.24 28.38 27.80 22.35 24.63
Bi 8.40 6.03 6.34 12.52 6.87 10.08
Ho - - - - - -
Hy - - - - - -
Mt 3.10 3.85 3.19 3.18 3.06 3.30
Hm - - - - - -
11 - - - - - -
Tn .92 1.08 1 . 1 0 1.14 .91 1.23
Ap .57 .55 .62 .79 .63 .75
Cc - - - - - -
C . I . P .  w. Norms ( w e i g h t  p e r c e n t )
Q 40.00 32.77 33.96 29.49 34.23 33.00
C 2 . 6 6 2.54 3.26 3.43 3.70 4.90
Or 7.66 22.17 24.69 25.85 30.06 25.01
Ab 21.59 2 2 . 0 1 19.41 21.26 15.96 17.95
An 17.29 10.87 9.48 7.44 7.10 6.67
Wo - - - - - -
Di - - - - - -
Hy 6.44 4.20 4.69 9.48 5.01 7.62
Mt 2 . 8 6 3.73 2.72 1 . 2 1 2.46 2.71
Hm - - - - - -
11 .93 1 . 1 0 1 . 1 1 1.16 .93 1.24
Ru - - - - - -
Ap . 2 2 . 2 2 .24 .31 .25 .29
Cc .35 .39 .44 .37 .31 .63
Rook I n d i c e s
%An 42.0 29.9 29.6 2 2 . 0 27.0 24.4
FeO/Fe20 3 1.13 0.69 1.31 3.96 1.13 1.49
K 20/Na20 0.51 1.44 1.82 1.74 2.70 2 . 0 0
S.I. 19.00 12.83 8.62 15.25 1 2 . 0 2 15.31
D.I. 69.25 76.95 78.06 76.59 80.25 75.96
C.I. 11.50 9.88 9.53 15.70 9.93 13.38
S.G. 2 . 8 6 2.77 2.79 2.83 2.80 2.84
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Chemical Analyses of Rock Samples from the Kangiara Region
Sample
7048No. 7043 7044 7045 7046 7047
Mag o r e l e m e n t  a n a l y s e s  i n  w e i g h t  p e r c e n t
Si02 66.93 66.90 6 6 . 8 8 66.64 66.51 66.15
Ti02 .65 .62 . 6 2 .56 . 6 8 . 6 5
A1 2 0 3 14.79 14.67 13.98 13.97 14.99 14.39
Fe 20 3 1 . 8 8 1.41 1.14 1.39 1 . 1 0 1.94
FeO 2.74 3.22 3.66 2.73 3.75 2.51
MnO . 1 1 . 0 1 .07 .06 .08 .03
MgO 1.90 1.79 1.90 1.29 2.15 2.08
CaO 1.53 2.47 2.61 2 . 1 2 3.06 1.65
Na20 2.25 1.89 2.09 2 . 2 0 4.74 2.62




cu . 1 2 .09 . 1 2 . 1 1 . 1 2 .09
H 20 (+) 2.06 1.79 1.05 1.79 2.05 2.35
H 20(-) .30 .25 . 34 . 36 .23 .43
c o2 .46 .14 .09 .59 . 47 .15
s n. d. .04 n. d. n . d . n. d . n . d.
Total 100.59 98.75 98.06 98.23 100.54 98.66
Tr ac e e l e m e n t  a n a l y s e s j i n p a r t s  p e r m i l l i o n
Ag nl nl nl nl nl nl
B 10 20 20 15 15 3
Ba 600 300 400 600 300 300
Cd nlO nlO nlO nlO nlO nlO
Cr 40 40 60 30 40 40
Cu 1 20 10 10 20 20
Ga 15 20 20 15 20 10
G© <1 2 nl nl <1 nl
Mo nl nl nl nl nl nl
Ni 40 15 10 10 15 10
Pb 20 40 20 15 20 10
Sb nJO n30 n30 n30 n30 n30
Sc 20 25 15 15 20 20
Sn 2 4 3 2 2 2
T1 nl nl nl nl nl nl
V 100 100 60 60 100 80
Y 200 60 40 40 40 40
Yb 10 3 n3 3 3 3
Zn 100 100 80 60 100 60
Zr 250 200 250 150 150 150
APPENDIX 2 (Cont.) A13
Norms and Rook Indices for the Chemically Analysed Rocks
from the Kangiara Region
Sample
No. 7043 7044 7045 7046 7047 7048
Mesonorms ( volume p e r c e n t )
Q 34.09 40.30 38.37 34.93 33.17 36.57
C 2.87 3.04 2.15 1 . 8 6 0 . 8 6 2.98
Or 23.35 13.69 12.56 21.75 10.61 15.84
PI 24.56 26.74 28.86 27.77 39.59 29.37
Bi 9.84 11.15 12.82 8.70 8.18 1 0 . 0 0
Ho - - - - 2.73 -
Hy - - - - - -
Mt 3.30 3.31 3.29 3.20 3.15 3.38
Hm - - - - —
11 - - - - - _
Tn 1.25 1 . 2 1 1 . 2 0 1.09 1 . 1 2 1.28
Ap .74 .57 .75 .69 0.61 .57
Cc - - - - - -
C . I . P . w. Norms ( w e i g h t  p e r e e n t )
Q 30.05 34.81 32.32 32.28 29.92 31.49
c 4.47 4.00 2.58 3.45 1.09 3.89
Or 29.29 21.15 21.45 27.19 27.41 22.31
Ab 19.37 16.54 18.29 19.37 27.50 23.11
An 3.97 11.15 11.99 6.32 13.38 6.93
Wo - - - - - -
Di - - - - 0 . 8 8 -
Hy 7.47 8.48 9.95 6.52 6.78 7.47
Mt 2.77 2 . 1 1 1.71 2 . 1 0 2.41 2.93
Hm - - - - - -
11 1.26 1 . 2 2 1 . 2 2 1 . 1 1 1.14 1.29
Ru - - - - -
Ap .29 . 2 2 .29 .27 0.24 . 2 2
Cc 1.07 .33 . 2 1 1.40 0.38 . 36
Rock I n d i c e s
%An 18.4 35.9
Fe0 / Fe 2 0 3 1.46 2.28




















Chemical Analyses of Rock Samples from the Kangiara Region
Sample
No. 7049 7050 7051 7052 7053 7054
Maj o r e l e m e n t  a n a l y s e s 3 i n  w e i g h t  p e r c e n t
Si02 66.09 65.83 65.69 65.43 65.41 64.90
Ti0 2 . 53 .62 .59 .59 .73 . 6 6
A l 2 0 3 14.39 14.68 13.97 14.49 14.55 14.73
Fe 2 0 3 2.40 1.47 1.53 1.30 2.07 1.64
FeO 2.27 3.21 2.97 2.73 3.39 3.38
MnO .06 .09 .04 . 1 1 .06 .05
MgO 3.83 1.65 2.50 1.23 2 . 1 2 2.63
CaO . 8 6 2.54 2.43 .83 2.03 2 . 6 8
Na 2 0 2.95 2.57 2.13 1.69 2.87 2.37
k 2o 3.95 4.00 3.66 7.02 3.94 3.68
P 2 0 5 . 1 1 .14 . 1 0 .14 . 1 2 . 1 2
H 20 (+) 2.23 . 86 1.94 2.08 2.29 2.28
h 20 (-) .44 .32 .36 .15 .42 .46
0 0 N> .04 .28 .40 .40 .44 .65
s n. d. n. d. n. d . n . d . n . d . n . d.
Total 100.15 98.26 98.13 98.10 100.44 100.23
Tr ac e e l e m e n t  a n a l y s e s j i n  p a r t s  p e r mi l l i o n
Ag nl nl nl nl nl nl
B 6 15 10 8 10 3
Ba 600 300 400 600 400 300
Cd nlO nlO nlO nlO nlO nlO
Cr 40 40 60 40 60 60
Cu 1 30 10 15 15 20
Ga 20 20 15 20 10 20
G0 nl nl nl nl nl nl
Mo nl nl nl nl nl nl
Ni 10 8 8 15 10 10
Pb 10 20 30 100 15 20
Sb n30 n30 n30 n30 n30 n30
Sc 15 25 10 15 15 30
Sn 3 1.5 3 3 3 2
Tl nl nl nl 1.5 nl nl
V 100 100 100 80 100 10 0
Y 40 40 30 60 40 60
Yb 4 4 3 3 3 3
Zn 30 150 40 200 60 100
Zr 200 150 250 100 20 0 250
APPENDIX 2 (Cont.) A14
Norms a n d  Rook I n d i c e s  f o r  
f rom t h e  K a n g i a r a  R e g i o n
t h e  C h e m i c a l l y  A n a l y s e d  Rocks
Sample
No. 7049 7050 7051 7052 7053 7054
Mesonorms (volume p e r c e n t )
Q 34.46 32.40 37.17 29.07 31.74 33.91
C 3.30 1.83 2.19 2.56 2.16 2.18
Or 14.10 17.52 13.80 38.16 16.41 12.98
PI 28.07 32.52 28.87 16.26 32.61 31.72
Bi 14.51 10.60 12.89 8.72 11.46 13.81
Ho - - - - - —
Hy - - - - - -
Mt 3.73 2.30 3.29 3.22 3.46 3.36
Hm - - - - - -
11 - - - - - -
Tn 1.15 1 . 2 0 1.16 1.14 1.42 1.28
Ap .69 .87 .63 .87 .75 .75
Cc - - - - - -
C.I.P. W. Norms ( w e i g h t  p e r c e n t )
Q 26.76 27.92 31.57 26.24 26.73 28.46
C 4.16 2.57 3.41 4.03 3.26 3.87
Or 23.93 24.34 22.52 43.22 23.82 22.30
Ab 25.58 22.39 18.68 14.90 24.84 20.56
An 3.38 1 0 . 2 1 9.24 .70 6 . 6 6 8.62
Wo - - - - - -
Di - - - - - -
Hy 11.31 8.17 9.91 6.49 8.90 10.67
Mt 3.57 2 . 2 0 2.31 1.96 3.07 2.44
Hm - - - - - -
11 1.15 1 . 2 1 1.17 1.17 1.42 1.29
Ru - - - - - -
Ap .27 .34 .25 .35 .29 .29
Cc .09 . 6 6 .95 .95 1 . 0 2 1.52
Rock I n d i c e s
%An 5.3 29.2 32.9 7.0 2 0 . 8 32.4
FeO/Fe 20 3 0.95 2.18 1.94 2 . 1 0 1.64 2.06
K 20/Na 20 1.34 1.56 1.73 4.15 1.37 1.55
S.I. 24.87 12.79 19.56 8.80 14.73 19.20
D.I. 76.26 74.65 72.78 84.36 75.39 71.32
C.I. 18.24 13.87 16.18 11.94 14.92 17.17
S* G. 2 . 8 6 2.79 2.84 2.79 2.85 2 . 8 6
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Chemical Analyses of Rock Samples from the Kangiara Region
Sample
No. 7055 7056 7057 7058 7059 7060
Major e l e m e n t  a n a l y s e s 3 i n w e i g h t  p e r c e n t
Si02 64.72 63.49 59.67 72.28 67.19 6 8 . 0 0
Ti02 .62 .73 .83 .42 . 2 2 .67
Al 2 O 3 14.24 15.21 17.65 13.43 11.90 14.71
Fe2 0 3 2.27 2.73 2.73 1.99 .50 1.43
FeO 2.38 2.73 3.20 . 2 1 .74 2.69
MnO .06 .07 .04 .,00 . 0 0 . 0 2
MgO 3.25 2.03 5.06 . 0 1 2.30 2 . 0 2
CaO 1.78 1.96 .42 . 0 2 3.27 .60
Na2 0 2.36 5.05 2.40 .15 .14 2.64
k 2o 4.33 1.92 3.42 9.10 7.54 3.78
P 2 O 5 .08 .09 . 1 1 .04 . 11 .15
H20(+) .2 . 2 2 2 . 2 0 4.82 .96 .89 2.23
H 20(~) .36 .56 . 1 2 .30 .36 .50
c o 2 .17 .14 .16 . 1 2 4.74 .49
s n. d . n.d. n.d. n.d. n.d. n.d.
Total 98.84 98.91 100.63 99.02 99.90 99.93
T rac e e l e m e n t  a n s l y s e s j i n p a r t s  p e r m i l l i o n
Ag nl nl nl nl nl nl
B 10 3 4 4 20 10
Ba 400 300 300 1500 800 400
Cd nlO nlO nlO nlO nlO nlO
Cr 40 25 40 40 n 20 40
Cu 1 15 1 10 2 15
Ga 20 15 25 10 15 15
Gs nl nl nl nl nl 1
Mo nl nl nl nl nl nl
Ni 10 25 8 3 3 10
P b 20 4 nl 25 1 0 00 . 10
S b n30 n30 n30 n30 n30 n30
Sc 15 20 25 10 nlO 15
Sn 20 4 2.5 3 8 3
T1 nl nl nl 3 nl nl
V 100 80 100 60 40 100
Y 30 40 40 100 40 40
Yb 3 4 3 10 4 3
Zn 30 80 100 40 40 10 0
Zr 150 400 200 200 20 0 150
APPENDIX 2 (Cont.)
A1 5
RJorms and Book. Indices for the Chemically Analysed Rooks
from the Kangiara Region
Sample
No. 7055 7056 7057 7058 7059 7060
Mesonorms ( volume p e r c e n t )
Q 33.37 24.86 35.83 37.18 25.80 39.68
C 2.42 1.70 7.36 2.25 - 4.38
Or 18.00 5.12 7.45 56.68 43.06 15.93
PI 27.80 52.62 22.75 1.30 5.11 23.74
Bi 13.12 9.42 2 0 . 1 2 .03 - 10.74
Ho - - - - 22.64 -
Hy - - - - - -
Mt 3.57 4.28 4.46 - 2.36 3.36
Hm - - - 2.13 - -
11 - - .51 .28 - -
Tn 1 . 2 2 1.43 .80 •- .38 1 . 1 1
Ap .51 .57 .73 . 15 .61 .94
Cc - - - - - -
0 . I . P .  w. Norms ( w e i g h t  p e r c e n t )
Q 26.75 2 0 . 2 1 24.96 37.82 40.63 35.42
C 3.14 1 . 8 8 10.32 3.76 8.93 6.87
Or 26.58 11.80 2 1 . 1 2 54.99 45.16 22.98
Ab 20.74 44.42 2 1 . 2 1 1.30 1 . 2 0 22.97
An 7.51 8.58 .37 - - -
Wo - - - - - -
Di - - - - - -
Hy 10.05 7.01 15.59 .03 6.39 -
Mt 3.42 4.12 4.14 - .73 7.94
Hm - - - 2.04 - --
11 1 . 2 2 1.44 1.65 .45 .42 2.13
Ru - - - . 19 - -
Ap . 2 0 . 2 2 .27 . 1 0 .26 1.31
Cc .40 .33 .38 .28 10.93 1.15
Rock I n d i c e s
%An 22.5 12. 7 . 0 .0 78.1 .0
FeO/Fe20 3 1.5 1 . 0 0 1.17 0 . 1 1 1.48 1 . 8 8
K 20/Na20 1.83 .38 1.43 60.67 53.86 1.43
S.I. 22.28 14.04 30.10 0.09 2 0 .50 16.08
D . I . 74.06 76.43 67.29 94.11 86.99 81.37
C . I . 16.69 13.70 25.09 2.43 25.03 14.21
S . G . 2.84 2.84 3.03 2.70 2.76 2.85
APPENDIX 2 (Cont.)
Chemical Analyses of Rock Samples from the Kangiara Region
Sample
No. 7061 7062 7063 7064 7065 7066
Mag o r e l e m e n t  a n a l y sesy  i n w e i g h t  p e r c e n t
Si02 67.24 6 8 . 0 1 1 2 . 9 1 72.24 68.72 70.06
Ti02 .58 .51 .49 .55 .71 .56
A1 20 3 14.15 13.72 12.50 12.81 14.03 13.13
Fe2 0 3 3.49 1.82 1.43 1.37 1.46 1.17
FeO 2.27 3.21 . 79 .54 2.91 3.24
MnO . 0 1 . 0 1 .04 . 0 1 .07 .03
MgO 1 . 0 0 1.58 1.83 1 . 6 8 2.04 2.47
CaO .51 .27 . 1 2 .08 .92 . 2 0
Na 2 0 . 14 . 1 1 .56 . 0 2 1.56 1.84
O
CSi 8.33 7.03 7.51 6.32 4.31 3.07
P 2 0 5 .14 .14 . 1 2 .09 . 1 2 .08
h 2o (+) 2.04 1.41 1.53 1.78 2.75 2.61
H 20 (-) .26 .26 .52 .93 .65 .36
c o2 . 39 .28 .26 .16 .06 .08
s n. d. n.d. .50 . 0 1 .08 .19
Total 99.55 98.33 1 0 1 . 0 1 98.59 100.39 99.09
Trace e l e me n t  a n a l y seSj i n p a r t s  p e r m i l l i o n
Ag nl nl nl nl nl nl
B 10 10 10 10 15 10
Ba 2000 2 0 0 0 1 0 0 0 1 0 00 800 300
Cd nlO nlO 20 nlO nlO nlO
Cr 30 25 25 25 40 60
Cu 3 1 15 200 20 40
Ga 15 20 20 20 15 20
Ge 1 1 nl nl nl nl
Mo nl nl nl 2 nl 2.5
Ni 8 8 8 3 10 8
Pb 15 15 800 1500 1500 3
Sb n30 n30 n30 n30 n30 n30
Sc 15 15 10 nlO 15 15
Sn 3 3 2.5 3 4 4
T1 nl nl nl nl nl nl
V 40 60 80 80 10 0 10 0
Y 40 40 100 100 30 40
Yb 3 3 8 n3 n3 4
Zn 100 250 600 800 300 2 0 0
Zr 100 100 100 150 10 0 300
APPENDIX 2 (Cont.) A16
Norms and Rock. Indices for the ChemicaZZy AnaZysed Rocks
from the Kangiara Region
Sample
No. 7061 7062 7063 7064 7065 7066
MeSonorms ( voZume p e r c e n t )
Q 35.05 42.67 41.07 50.62 44.31 50.84
C 3.34 4.16 2.30 4.16 4.42 4.82
Or 49.07 38.52 41.76 36.68 18.85 9.75
PI 1.23 .99 4.81 .18 15.38 16.84
Bi 4.18 8.97 5.68 5.40 11.46 13.25
Ho - - - - - -
Hy - - - - - -
Mt 5.28 3.13 2.95 1.27 3.44 3.25
Hm - - - .44 - -
11 .17 .43 .52 .61 - .48
Tn . 8 8 .24 - - 1.38 .27
Ap .85 . 8 8 .91 .64 .75 .51
Cc - - - - - -
C. I . P . W. Norms ( w e i g h t  p e r c e n t )
Q 33.87 38.35 39.56 47.94 39.43 43.87
C 5.31 6.64 4.18 6.65 5.73 7.08
Or 50.00 42.96 45.02 38.95 26.28 18.91
An 1 . 2 1 .96 4.81 .18 13.61 16.22
Ab - - - - 3.51 -
Wo - - - - - -
Di - - - - - -
Hy 2.89 7.76 4.62 4.36 8.43 10.70
Mt 5.15 2.73 1.28 .19 2.18 1.77
Hm - - .57 1.30 - -
11 1 . 1 2 1 . 0 0 .94 1.09 1.39 1 . 1 1
Ru - - - - - -
Ap .34 .34 .29 . 2 2 .29 . 2 0
Cc .90 . 6 6 .60 .38 .14 .19
Rock I n d i c e s
%An . 0 . 0 . 0 .0 8.5 . 0
Fe0/Fe203 0.65 1.76 .55 0.39 1.99 2.77
K 20/Na20 59.50 63.91 13.41 316.00 2.76 1.67
S.I. 6.57 11.49 15.10 16.92 16.61 20.95
D.I. 85.17 82.26 89.38 87.07 78.32 79.00
C.I. 9.58 12.53 9.15 7.72 14.90 16.98
S.G. 2.81 2.82 2.76 2.80 2.87 2 . 8 8
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C h e m i c a l A n a l y s e s  o f  R o c k S a m p l e s f r o m  t h e K a n g i a r a R e g i o n
S a m p l e  
N o . 7 0 6 7 7 0 6 8 7 0 6 9 7 0 7 0 7 0 7 1 7 0 7 2
M a j o r  e l e m e n t  a n a l y  s e s  3 in w e i g h t  .p e r c e n t
S i 0 2 7 0 . 4 5 6 7 . 3 8 6 8 . 8 7 6 4 . 9 5 69  . 1 9 6 7 . 4 2
T i 0 2 . 60 . 6 3 . 5 5 . 6 1 . 6 3 . 5 7
A l  2 0  3 1 3 . 7 9 1 4 . 3 2 1 4 . 1 8 1 4 . 7 3 1 3 . 8 7 1 2 . 8 9
F e 2 0 3 1 . 0 6 1 . 5 7 . 69 . 9 3 . 7 7 1 . 5 9
F e O 1 . 8 3 3 . 2 5 3 . 3 1 4 . 8 0 3 . 2 3 6 . 1 5
KnO . 0 4 . 1 2 . 0 7 . 0 1 . 0 5 . 0 4
MgC 1 . 6 9 3 . 4 2 1 . 7 9 2 . 1 6 2 .  7 0 4 . 9 7
CaO . 16 . 2 7 . 3 8 . 20 1 . 2 2 . 5 1
N a 2 0 1 . 3 5 2 . 5 1 3 . 9 6 2 . 0 8 3 . 9 2 2 . 4 2
k 2 o 4 . 4 9 3 . 2 8 2 . 8 7 5 . 4 0 2 . 0 6 . 6 9
p 2 o 5 . 1 1 . 1 1 . 0 6 . 0 7 . 0 8 . 1 4
h 2 o  ( + ) 2 . 1 8 2 . 9 8 1 . 9 6 2 . 7 7 2 .  72 3 . 6 3
H20  ( - ) . 4 2 . 38 . 1 5 . 2 3 . 2 1 . 36
c o 2 . 10 . 0 8 . 20 . 1 3 . 4 2 . 2 4
s . 14 n . d . n . d . n . d . n . d . n . d .
T o t a l 9 8 . 4 1 1 0 0 . 3 0 9 9 . 0 4 9 9 . 0 7 9 9 . 9 7 1 0 1 . 6 2
T r a c e  e l e m e n t  a n a l y s e s y in p a r t s  p e r  m i l l i o n
A g n l n l n l n l n l n l
B 1 5 4 2 2 1 5 1 5
Ba 6 0 0 4 0 0 4 0 0 4 0 0 2 0 0 3 3
Cd n l O n l O n l O n l O n l O n l O
C r 6 0 4 0 30 4 0 25 4 0
Cu 20 2 0 0 1 5 20 4 0 6 0
Gs. 15 2 0 15 2 0 15 4 0
Ge n l n l n l n l 1 2
Mo n l n l n l n l n l n l
N i 8 1 0 6 8 4 10
P b 15 1 3 10 4 4
S b n3Q n 3 0 n 3 0 n 3 0 n 3 0 n 3 0
S c 15 10 20 2 0 1 5 2 0
S n 3 3 3 2 1 1 5
T 1 n l n l n l n l n l n l
V 8 0 1 5 0 8 0 1 0 0 1 0 0 1 5 0
Y 30 30 6 0 4 0 6 0 6 0
Yb 3 n 3 6 3 J> 3
Zn 2 5 0 2 0 0 80 80 8 0 4 0
Z r 2 0 0 1 0 0 1 5 0 1 5 0 2 0 0 1 5 0
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A17
Norms and Rook Indices for the Chemically Analysed Rooks
from the Kangiara Region
Sample
No. 7067 7068 7069 7070 7071 7072
Mesonorms (volume p e r c e n t )
Q 47.80 42.71 36.03 34.12 37.93 39.20
C 4.69 4.70 3.16 3.86 2.73 5.20
Or 22.70 9.06 8.71 23.13 1.30 -
PI 12.16 22.87 35.33 18.92 38.06 19.85
Bi 8 . 0 1 15.75 12.29 15.40 15.03 5.17
Ho - - - - - -
Hy - - - - - 25.92
Mt 3.26 3.35 3.15 3.31 3.26 2.93
Hm - - - - - -
11 .64 .51 .13 .51 - . 1 1
Tn .04 . 35 .83 .30 1 . 2 0 .82
Ap .69 .70 .37 .44 .49 .80
Cc - - - - - -
C . I . P .  w. Norms ( w e i g h t  p e r c e n t )
Q 44.35 34.39 30.90 26.95 31.87 40.07
C 7.23 6.81 4.62 5.80 4.22 8.32
Or 27.73 19.99 17.49 33.21 12.40 4.18
Ab 11.93 21.90 34.55 18.31 33.78 20.96
An - . 1 2 .24 - 2.93 . 1 0
Wo - - - -- - -
Di - - - - - -
Hy 6.04 12.76 9.48 12.94 11.28 2 2 . 0 1
Mt 1.61 2.35 1.03 1.40 1.14 2.36
Hm - - - - - -
11 1.19 1.23 1.08 1 . 2 1 1 . 2 2 1.11
Ru - - - - - -
Ap .27 .27 .15 .17 .19 .34
Cc .24 .19 .47 .31 .97 .56
Rook I n d i c e s
%An . 0 . 0 .0 .0 8.7 . 0
Fe0/Fe203 1.73 2.07 4.80 5.16 4.19 3.87
K 20/Na20 3.33 1.31 0.72 2.60 0.53 0.29
S.I. 16.22 24.38 14.18 14.05 21.29 31.42
D. I. 84.02 76.28 82.95 78.47 78.05 65.21
O • H 11.91 19.61 15.57 19.22 18.29 34.13
S.G. 2.83 2.91 2.82 2 . 8 8 2.85 3.04
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Chemical  A n a l y s e s  o f Rock >Samples  f rom t h e K a n g i a r a R e gi on
Sample
No. 7073 7074 7075 7076 7077 7078
May o r e l e m e n t  a n a l y s es 3 i n w e i g h t  p e r c e n t
Si02 63.98 6 1 . 9 1 67.30 66.81 65.80 65.67
Ti02 .82 .54 .65 . 6 6 .71 .62
Al 2 0 3 17.02 14.62 15.42 15.01 14.80 15.27
Fe 20 3 1.77 1.90 1.56 1.83 1.76 1.40
FeO 1.32 1.93 2.18 2.82 3.25 3.37
MnO .03 . 0 0 . 0 0 . 0 0 . 0 0 .06
MgO 1.95 1.96 1.99 2.23 2.48 2.27
CaO 1.87 2.19 1.93 2.28 1 . 2 2 2 . 8 8
Na20 2.08 1.90 3.97 2.40 3.83 2.04
K20 4.76 4.66 2.83 4.00 2 . 8 8 3.44
p 2o 5 .16 .14 .14 .15 . 15 .14
h 20(+) 2.40 1.99 1.82 2.13 2.63 2.09
h 20(-) .32 .49 .49 .43 .48 .32
CO 2 1 . 1 2 .16 . 22 .06 .17 .16
S n. d. n . d . n. d. n. d. n . d . n . d .
Total 99.60 100.45 100.50 100.81 100.16 99.73
Trace e l e me n t  a n a l y s e s 3 i n p a r t s  p e r m i l l i o n
Ag nl nl nl nl nl nl
B 15 10 10 15 10 15
Ba 600 400 4 00 3C0 300 300
Cd nlO nlO nlO nlO nlO nlO
Cr 60 30 40 40 60 60
Cu 10 10 20 25 10 25
Ga 25 15 20 20 25 25
Gs 1 2 1 i 1 2
Mo nl nl nl nl nl nl
Ni 10 8 8 8 20 25
Pb 3 20 25 20 10 25
Sb n30 n3C n30 n30 n30 n30
Sc 10 15 15 20 20 15
Sn 3 3 4 2.5 2.5 4
T1 nl nl nl nl nl nl
V 200 100 100 100 100 100
Y 40 80 60 40 60 80
Yb 3 3 3 4 3 n3
Zn n30 80 100 100 100 150
Zr 150 n80 100 150 100 1 0 0
APPENDIX 2 ( C o n t . )
A18
Norms and Rook Indices for the Chemically Analysed Rocks
from the Kangiara Region
Sample
No. 7073 7074 7075 7076 7077 7078
M e s o n o r m s (volume p e r c e n t )
Q 32.47 36.43 31.05 34.83 32.55 37.15
C 4.54 2.40 2.38 2.61 3.10 2.85
Or 24.71 23.13 10.49 16.89 8.56 11.98
PI 24.24 24.82 41.30 29.28 37.19 29.65
Bi 7.81 8 . 2 1 9.41 10.90 12.83 13.00
Ho - - - - - -
Hy - - - - - -
Mt 3.62 3.11 3.27 3.31 3.44 3.29
Hm - - -- - - -
11 ~ - - - - -
Tn 1.60 1.03 1.24 1.26 1.38 1 .2 C
Ap 1 . 0 1 . 8 6 . 8 6 .93 .94 . 8 8
Co - - - - - -
C. I . P .  w. N o r m s  (w e i g h t  p e r c e n t )
Q 31.25 32.48 27.03 29.27 26.35 30.88
c 8.28 3.24 3.22 3.14 4.04 3.76
Or 29.03 28.10 17.03 24.05 17.53 2 0 . 8 8
Ab 18.16 16.40 34.20 2 0 . 6 6 33.38 17.73
An 1.19 9.12 7.40 10.13 4 . 1 2 12.70
Wo - - - ~ - -
Di - •- - - - -
Hy 5.01 6.09 6.72 8.27 9.80 10.04
Mt 2.04 2.81 2.30 2.70 2.63 2.09
Hm - - - - - -
Ru - - - -- - -
11 1.61 1.05 1,26 1.28 1.39 1 . 2 1
Ap . 39 .35 .34 .36 .37 .34
Cc 2.63 . 37 .51 .14 .40 . 37
Rock I n d i c e s
%An 22.4 32.1 15.2 27.2 7.0 38.0
FeO/Fe203 0.75 1.02 1.40 1.54 1.85 2.41
K 20/Na20 2.29 2.45 0.71 1.67 0.75 1.69
S. I. 16.41 15.87 15.88 16.79 17.46 18.13
D. I . 78.44 76.99 78.26 73.99 77.26 69.50
C.I. 11.43 11.32 12.68 14.21 16,27 16.29
S . G • 2.85 2.81 2.81 2.83 2.87 2.85
APPENDIX 2 ( C o n t . )
C h e m i c a l  A n a l y s e s o f  R o c k S a m p l e s  f r o m  t h e K a n g i a r a R e g i o n
Sample
No. 7079 7080 7081 7082 7083 7084
M a y o r e l e m e n t  a n a l y s e s 3 in w e i g h t  p e r c e n t
SiO 2 67.20 75.04 67.45 61.06 67.27 68.78
Ti02 .67 . 35 .63 .62 . 57 .52
A 1 20 3 15.02 14.97 14.59 12.80 14.93 14.67
Fe 2 0 3 1.62 1 . 1 0 1.32 .97 1.16 1.34
FeO 3.46 .61 2.16 2.72 2.63 2.25
MnO .05 . 00 . 00 . 07 .07 .05
MgO 2.50 .03 1.44 2.87 1.74 1 . 0 2
CaO 2.90 .44 2 . 0 2 11.51 1.26 1.97
Na2 0 1.89 4.30 3.83 2 . 0 2 2.79 2.41
K 20 3.13 4.66 4.28 4 . 0 1 3.66 4.04
p 20 5 .15 . 10 . 14 . 15 . 10 .09
H 20(+) 2.27 .63 1.89 .41 2 . 0 0 1.35
h 2o (-) . 39 . 30 .48 .33 .35 . 25
co2 .08 .08 . 12 . 33 . 06 .08
s n. d . n . d . n . d . n . d . n . d. n.d.
Total 101.33 100.61 100.35 99.87 98.59 , 98.82
T r a c e e l e m e n t  a n a l y s e s 3 in p a r t s  p e r m i l l i o n
Ag nl nl nl nl nl nl
B 15 2 10 1 8 2
Ba 300 800 600 400 400 400
Cd nlO nlO nlO nlO nlO nlO
Cr 60 n 20 25 30 40 30
Cu 20 8 20 4 8 3
Ga 20 15 15 15 20 20
Ge 1 1 1 nl nl nl
Mo nl nl nl nl nl nl
Ni 20 n3 8 8 8 8
Pb 15 3 6 15 10 10
Sb n30 n3Q n30 n 30 n30 n30
Sc 20 10 15 10 10 10
Sn 3 3 4 2 .5 2 1.5
T1 nl nl nl nl nl nl
V 100 10 80 80 80 80
Y 80 150 30 30 80 60
Yb 3 10 3 n3 4 4
Zn 150 30 60 80 40 30
Zr 150 200 n80 150 150 150
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Norms and Rook I n d i c e s  f o r  t h e  C h e mi ca l ly  A n a l y s e d  Rocks
from t he K a n g i a r a Region
Sample
No. 7079 7080 7081 7082 7083 7084
Mesonorms ( volume p e r c e n t )
Q 40.57 29.38 25.72 13.62 36.90 37.03
C 3.09 1.79 .76 - 3.53 2.50
Or 13.41 27.39 20.41 27.76 15.47 20.27
PI 27.90 36.54 39.97 37.77 28.76 28.69
Bi 13.41 2.69 7.93 - 10.39 6.88
Di - - - 30.38 - -
Ho - - - - - -
Hy - - - - - -
Mt 3.34 2.69 3.19 3.53 3.21 3.09
Hm - - - - - -
11 - - - - - -
Tn 1.29 .64 1.18 1.29 1.11 .99
Ap .93 .59 .85 1.01 .63 .56
Cc - - - - - -
C. I.P. W. Norms ( w e i g h t  p e r c e n t )
Q 33.57 29.82 22.68 13.62 32.01 33,96
C 3. 85 2.49 .61 - 4.64 3.24
Or 18.74 27.62 25.81 23.90 22.47 24.55
Ab 16.20 36.48 33.06 17.23 24.52 20.97
An 13.07 1.03 8.52 14.14 5.42 8.93
Wo - - - 5.58 - -
Di - - - 21.81 - -
Hy 10.36 .07 5.53 - 7.68 4.94
Mt 2.38 .95 1.95 1.42 1.75 2.00
Hm - .45 - - - -
11 1.29 .67 1.22 1.19 1.12 1.02
Ru - - - - - -
Ap .36 .24 .34 .36 .25 .22
Cc .18 .18 .28 .76 .14 .19
Rock I n d i c e s
%An 39.5 0.8 16.7 48.2 12.6 25.4
Fe0/Fe20 2, 2.14 0.55 1.64 2.80 2.27 1.68
K 20/Na20 1.66 1.08 1.12 1.99 1.31 1.68
S.I. 19.84 0.28 11.05 22.80 14.52 9.22
D. I. 68.51 93.93 81.55 54.76 79.00 79.48
C. I. 16.75 3.67 11.12 33.91 13.60 9.97
S.G. 2.87 2.69 2.77 2.85 2.82 2.78
APPENDIX 2 (Cont.)
Chemical Analyses of Rook Samples from the Kangiara Region
Sample
No. 7085 7086 7087 7088 7089
M a j  or e l e m e n t  a n a l y sesj in w e i g h t  p e r c e n t
Si02 43.82 44.56 52.68 6 6 . 1 0 42.22
Ti02 . 12 . 12 1 . 1 1 .65 .36
A 1 20 3 1.72 1.90 14.96 15.20 7.37
Fe2 0 3 21.17 24.06 3.77 1.37 . 6 6
FeO 3.17 2 . 1 2 10.18 3.26 1.65
MnO .37 .59 .18 .06 .04
MgO 4.00 1.13 7.51 1.62 2.04
CaO 24.99 25.26 3.73 3.00 22.38
Na 20 .03 0 . 0 2 .06 2.64 1 . 2 2
k 2o . 0 2 . 0 2 1.07 3.75 1.64
P 2O 5 .22 .26 .17 .14 . 20
H 20(+) 1.15 .67 5.67 1.68 1.28
10C
M
EE . 19 . 15 .42 .19 . 78
C02 .48 .66 . 11 .19 19.17
s .04 n. d . n. d. n. d . n. d.
Total 101.49 101.50 101.62 99.85 101.01
T r a c e e l e m e n t  analy ses> in p a r t s  p e r mil lion
Ag nl nl nl nl nl
B <1 nl 8 2 25
Ba n300 n300 175 400 300
Cd nlO nlO nlO nlO nlO
Cr n20 n20 80 60 25
Cu 1 2 1 15 3
Ga 150 30 25 20 15
Ge 150 10 0 4 nl 1
Mo nl 2 nl nl nl
Ni n3 n3 60 20 3
Pb 4 1 2 10 30
Sb n30 n30 n30 n30 n30
Sc nlO nlO 15 15 nlO
Sn 150 15 6 3 2.5
T1 nl nl nl nl nl
V 15 10 150 200 60
Y 30 30 60 40 40
Yb n3 n3 3 3 n3
Zn 150 n3Q 100 30 n30
Zr n80 n80 300 250 n80
APPENDIX 2 ( C o n t . ) A20
Norms and Rock Indices for the Chemically Analysed Rocks
from the Kangiara Region "
Sample
No. 7085 7086 7087 7088 7089
Mesonorms (volume p e r c e n t )
Q - - 22.63 31.90 —
C .78 .85 5.10 1.72 2.13
Or - - - 15.43 2.17
PI 69.04 67.53 .45 34.94 65.92
Bi .11 .11 7.35 10.63 8.67
Ho - - 28.31 - -
Hy - - 28.59 - -
Mt 4.15 3.05 4.89 " 3.28 2.45
Hm 9.52 12.41 - - -
11 - - - - -
Tn .16 .15 1.80 1.24 .59
Ap .93 1.06 .89 .86 1.06
Cc 15.31 14.84 - - 17.01
C. J. P. w. Norms ( w e i g h t  p e r c e n t )
Q 10.83 15.75 24.53 2 7.26 30.19
C - - 7.94 2.17 7.87
Or .12 .12 6.62 22.61 9.79
Ab .25 .08 .53 22.79 10.43
An 4.49 5.05 17.48 13.03 -
Wo 36.45 44.18 - - -
Di 21.26 6.03 - - -
Hy - - 34.31 8.09 7.12
Mt. 11.06 8.35 5.72 2.03 .97
Hm 13.52 18.13 - - -
11 .23 .23 2.21 1.26 .69
Ru - - - - -
Ap .52 .61 .42 .34 .48
Cc 1.09 1.49 .26 .44 44.06
Rock I n d i c e s
%An 99.7 .0 .0 33.1 85.8
Fe0/Fe203 0.15 0.09 2.70 2.38 2.50
K 20/Na20 0.67 2.00 17.83 1.42 1.34
S.I. n. a. n. a. 33.24 12.82 n . a .
D.I. n. a. n . a. 31.67 72.66 n . a .
C.I. n. a. n. a . 69.14 13.91 n . a .
S.G. 3.49 3.46 3.31 2.81 2.84
APPENDIX 3
Modal  A n a l y s e s  ( v o l u m e  p e r c e n t )  o f  
A n a l y s e d  R o c k s  f r o m  t h e  Kangiar<
C h e m i c a l
R e g i o n
(see note before Appendix 2 on page A4)
APPENDIX 3
A22
Modal  A n a l y s e s  
Rooks  f r o m  t h e
( v o l u m e  p e r c e n t )  
K a n g i a r a  R e g i o n
o f  Chemi ca  l  ly Ana l y s e d
Sample No. 7001 7002 7003 7004 7005 7006
Quartz 27 23 39 13 14 14
K-feldspar 22 22 7 2 12 1
Plagioclase 3 5 <1 3 14 18
Biotite - - - - 5 -
Hornblende - <1 - - - -
Epidote - - - - - -
Chlorite <1 6 <1 <1 3 4
Sericite/Kaolinite 3 4 10 12 4 4
Carbonates <1 - - - - 1
Opaque Minerals - <1 <1 2 - 2
Accessories <1 - <1 - 1 <1
Groundmass 45 40 43 68 47 56
Sample No. 7007 7008 7009 7010 7011 7012
Quartz 18 22 19 24 22 16
K-feldspar 6 7 1 9 22 25
Plagioclase 12 6 10 9 - -
Biotite - - 1 2 - -
Hornblende - - - - - -
Epidote - - - - - -
Chlorite 7 12 10 11 18 23
Sericite/Kaolinite 4 9 5 4 5 4
Carbonates - 1 - - - -
Opaque Minerals 2 - 2 <1 3 <1
Accessories <1 <1 <1 <1 1 <1
Groundmass 50 42 52 40 29 31
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A23
Mo dal A n a l ys es (volume percent) of Chemically An a l y s e d
Rocks from the Ka ng ia ra Region
Sample No. 7013 7014 7015 7016 7017 7018
Quartz 18 32 21 28 47 42
K-feldspar 20 16 8 11 - 2
Plagioclase <1 4 <1 <1 - -
Biotite - - <1 - - -
Hornblende - - - - - -
Epidote - - - - - -
Chlorite 10 10 7 41 48 4
Sericite/Kaolinite 1 6 14 2 <1 10
Carbonates - - - - - -
Opaque Minerals - 1 - - 4 <1
Accessories <1 <1 <1 <1 <1 <1
Groundmass 51 31 49 18 - 42
Sample N o . 7019 7020 7021 7022 7023 7024
Quartz 36 12 26 42 22 19
K-feldspar 6 4 19 3 8 9
Plagioclase 3 <1 3 <1 - 2
Biotite - - - - - -
Hornblende - - - - - -
Epidote - - - - - -
Chlorite < 1 2 3 - - 3
Sericite/Kaolinite 14 7 10 - 3 9
Carbonates - - - - - -
Opaque Minerals - 1 <1 2 <1 5
Accessories - <1 <1 <1 - <1
Groundmass 41 73 38 53 67 53
APPENDIX 3 (Cont.)
A24
Mo da l An al ys es (volume percent) of Chemically Analyses
Rocks from the Ka ng ia ra Region
Sample No. 7025 7026 7027 7028 7029 7030
Quartz 21 31 18 24 13 13
K-feldspar 7 12 3 3 4 8
Plagioclase <1 2 - 8 - 6
Biotite - - - - — -
Hornblende - - - - - —
Epidote - - - 1 - < 1
Chlorite 5 5 - 5 <1 -
Sericite/Kaolinite 15 3 8 2 < 1 1
Carbonates - - - - - -
Opaque Minerals - 1 23 <1 3 8
Accessories - <1 - 1 < 1 1
Groundmass 52 46 48 56 79 63
Sample No. 7031 7032 7033 7034 7035 7036
Quartz 23 17 24 26 25 25
K-feldspar 3 2 6 5 - 9
Plagioclase 9 6 12 10 12 7
Biotite - - - - - -
Hornblende - - - - - - -
Epidote 2 - - - - <1
Chlorite 8 6 7 5 5 4
Sericite/Kaolinite 2 10 6 3 8 8
Carbonates <1 <1 - - <1 -
Opaque Minerals <1 - <1 2 <1 <1
Accessories 1 <1 <1 <1 1 1
Groundmass 52 58 44 48 48 46
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A25
Modal  A n a l y s e s  
Rooks  f r o m  t h e
( v o l u m e  p e r c e n t )  
K a n g i a r a  R e g i o n
o f  Chemi oa 1 ly A n a l y  s e d
Sample No. 7037 7038 7039 7040 7041 7042
Quartz 20 16 24 21 23 17
K-feldspar 4 2 1 1 6 2
Plagioclase 23 12 13 6 12 14
Biotite - - - - 3 -
Hornblende - - - - - <1
Epidote 2 - - - - -
Chlorite 7 5 4 6 4 b
Sericite/Kaolinite 3 2 4 10 4 4
Carbonates - - - 2 - -
Opaque Minerals - 5 1 - <1 <1
Accessories <1 <1 <1 <1 <1 <1
Groundmass 41 57 53 54 47 57
Sample N o . 7043 7044 7045 7046 7047 7048
Quartz 23 13 19 22 25 16
K-feldspar 1 4 - 1 1 2
Plagioclase 4 14 21 12 12 15
Biotite - 4 4 - - -
Hornblende - - 2 <1 - 1
Epidote - - - <1 - -
Chlorite 4 4 5 7 7 8
Sericite/Kaolinite 7 12 <1 3 3 5
Carbonates <1 - - - - -
Opaque Minerals 6 5 3 2 2 <1
Accessories <1 <1 <1 <1 <1 <1
Groundmass 54 44 46 53 50 52
APPENDIX 3 (Cont.)
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Mo daZ An aZ ys es (voZume percent) of ChemicaZZy A n a Z y s e d
Rocks from the K a n g i a r a  Region
Sample No. 7049 7050 7051 7052 7053 7054
Quartz 19 18 12 20 15 16
K-feldspar 2 1 8 2 <1 9
Plagioclase 7 12 11 25 9 14
Biotite - - - - - -
Hornblende - - - - - -
Epidote <1 <1 <1 <1 - -
Chlorite 14 6 9 8 10 12
Sericite/Kao U n i t e 3 4 7 5 8 4
Carbonates - - - - - <1
Opaque Minerals 2 3 <1 1 3 -
Accessories 1 <1 <1 2 <1 1
Groundmass 51 56 52 37 55 43
Sample No. 7055 7056 7057 7058 7059 7060
Quartz 20 22 23 9 25 23
K-feldspar 1 6 2 13 18 <1
Plagioclase 4 17 12 - 1 1
Biotite <1 - - - - -
Hornblende <1 - - - - -
Epidote <1 <1 - - - -
Chlorite 9 I 7 - <1 4
Sericite/Kaolinite 6 7 12 11 5 21
Carbonates - - - - <1 <1
Opaque Minerals 1 - 1 13 2 2
Accessories 1 1 <1 - <1 <1
Groundmass 57 45 42 54 49 48
APPENDIX 3 (Cont.)
A27
Modal A n a l ys es (volume percent) of Chemically A n a l y s e d
Rocks from the K a n g i a r a  Region.
Sample No. 7061 7062 7063 7064 7065 7066
Quartz 31 15 31 32 25 21
K-feldspar 10 <1 8 14 1 10
Plagioclase - <1 4 - 1 11
Biotite - - - - - -
Hornblende - - <1 - - -
Epidote - - - - - -
Chlorite 4 5 2 2 16 4
Sericite/Kaolinite 4 25 10 y 3 9
Carbonates - - - - - -
Opaque Minerals 10 4 3 3 3 1
Accessories <1 <1 <1 <1 <1 <1
Groundmass 41 50 42 39 51 44
Sample No. 7067 7068 7069 7070 7071 7072
Quartz 19 6 24 32 21 23
K-feldspar 3 4 9 5 1 1
Plagioclase 4 16 12 9 13 6
Biotite - - - - - -
Hornblende - - - - - -
Epidote - - - - - -
Chlorite 5 7 3 4 5 11
Sericite/Kaolinite 16 4 1 2 1 8
Carbonates - - - - 1 -
Opaque Minerals 1 - 1 1 2 2
Accessories <1 <1 <1 1 <i < 1
Groundmass 51 63 49 46 56 49
APPENDIX 3 (Cont.) A28
Mo da l An alyses (volume p e r c e n t ) of Chemically A n a l y s e d
Rocks from the Ka ng ia ra Region
Sample No. 7073 7074 7075 7076 7077 7078
Quartz 12 21 28 16 22 19
K~ feldspar 10 2 13 4 12 2
Piagiociase 16 14 12 16 16 13
Biotite - - - <1 - 2
Hornblende - 1 - - - -
Epidote - - - - <1 -
Chlorite 1 8 6 11 8 12
Sericite/Kaolinite 10 2 6 4 1 4
Carbonates <1 - - - - -
Opaque Minerals 5 1 <1 3 1 1
Accessories <1 <1 <1 <1 <1 <1
Groundmass 45 51 34 46 40 46
Sample No. 7075 7080 7081 7082
Quartz 22 2 - 9
K-feldspar 4 <1 1 5
Piagiociase 14 r*D 1
Biotite - - -
Hornblende - - - -
Epidote - - - -
Diopside - - - 9
Chlorite 10 <1 7 -
Sericite/Kaolinite 6 4 12 -
Carbonates - - - -
Opaque Minerals <1 1 <1 <1
Accessories 1 <1 <1 <1
Groundmass 41 88 79 75
APPENDIX 3 (Cont.) A29
Modal An al ys es (volume percent) of Chemically A n a l y s e d
Rocks from the K a n g ia ra Region.








Kaolinite 11 o n
Accessories <1 1







Sample N o . 708 7 7088 7089
Quartz 32 16 14
K-feldspar - 2 1
Plagioclase - r\? ou
Epidote 59 8 -
Chlorite 8 <1 -
Sericite/Kaolinite - 6 -
Carbonates - - 10
Opaque Minerals - 3 <1
Accessories - <1 -
Groundmass - 56 67
A30
APPENDIX 4
E l e c t r o n  M i c r o p r o b e  A na l y s e s  o f  C h l o r i t e  f r o m  t h e  
K a n g i a r a  R e g i o n  ( i n  w e i g h t  p e r c e n t )
APPENDIX 4 A31
EZeotron Mioroprobe AnaZyses of ChZorite from the Kangiara
Region (in weight percent)
Sample No. 7006 7007 7008
Host Rock Rhyolite Rhyodacite Rhyodacite
Location Kangiara Kangiara Kangiara
No. Anals 8 8 8
x  a X a X a
Si02 26.80 .55 26.22 .90 27.17 .14
Ti02 .09 .10 .14 .07 n.d •
A I 2 O 3 19.05 1.08 19.69 .56 18.00 .82
Crz0 3 n.d. .03 .06 .04 .07
FeO 26.29 .81 24.77 .47 24.92 .86
MnO .26 .06 .30 .06 .23 .04
MgO 15.39 .58 16.21 .17 16.15 1 .20
CaO .06 .07 .02 .04 .09 .06
Na20 .28 .06 .11 .13 .06 .12
K 2 O .12 .23 .09 .13 .07 .13
FeO/MgO 1.71 .02 1.53 .04 1.55 .17
FeO .63 .01 .60 .01 .61 .03
FeO + MgO + MnO
Sample No. 7010 6943 7031
Host Rock Rhyodacite Rhyolite Dacite
Location Kangiara Kangiara NW of Kangiara
No. Anals 10 10 8
x  cr X a x  <cr
Si02 29.73 2.06 27.62 1 .74 26.91 .33
Ti02 .05 .08 .01 .01 .06 .11
Al 2 O 3 16.46 2.05 16.81 2 .18 18.28 .76
Cr203 n.d. .08 .08 .03 .05
FeO 26.09 2.04 27.92 1 .57 27.10 .29
MnO .18 .04 .37 .11 .33 .02
MgO 14.33 1.64 14.55 2 .20 15.08 .41
CaO .63 .83 .15 .12 .17 .04
NazO .46 .44 .08 .12 .12 .14
K20 .20 .35 .03 .04 n.d .
FeO/MgO 1.83 .11 2.12 .53 1.80 .04
FeO .64 .01 .65 .04 .64 .01
FeO + MgO + MnO
FeO = FeO (total)
APPENDIX 4 (Cont.) A32
Electron Microprobe Analysts of Chlorite from the Kangiara
Region (in weight percent)
Sample. No. 7048 702.0 7060
Host Rock Dacite Lapilli Tuff Rhyodacite






No. Anals 10 8 8
X a x a X a
SiO;* 24.75 .34 26.87 .71 26.25 .28
TiC>2 n.d . n.d. .09 .08
AI 2 O 3 20.52 .27 18.75 .85 19.46 1.01
Cr20 3 n.d • n.d. .06 .09
FeO 27.21 .23 27.59 1.11 27.01 .40
MnO .08 .07 .34 .03 .24 .03
MgO 14.45 .13 13.56 .63 14.45 .86
CaO .01 .03 .05 .10 .07 .05
Na20 .16 .10 .26 .03 .20 .04
K 2O ■ n.d . .10 .15 .14 .17
FeO/MgO 1.89 .02 2.04 .16 1.88 .12
FeO .65 .01 .67 .02 .65 .02FeO + MgO + MnO
Sample No. 701.4 7017 6944











No. Anals 8 9 10
X a x 0 X a
Si02 25.18 .46 25.46 1.00 28.83 1.11
Ti02 .05 .10 n.d. n. d.
a i 2o 3 20.50 .41 18.29 .45 20.08 .57
Cr20 3 .06 .07 n.d. n. d .
FeO 30.75 . 51 33.06 .76 13.32 .67
MnO .77 .23 .07 .08 .39 .03
MgO 11.02 .91 11.32 .27 17.84 .38
CaO - .07 .09 n.d. .02 .05
Na20 .21 .06 .17 .13 .95 . 25
K 20 .13 .12 n.d. n. d.
FeO/MgO 2.80 .27 2.92 .02 1.03 .03
FeO




E l e c t r o n  M i c r o p r o b e  A n a l y s e s  o f  P y r i t e  
f r o m  t h e  K a n g i a r a  R e g i o n
APPENDTX 5
Electron Mieroprob e Analyses of Purite from the Kangiara
Region ~ *
Sample 
N o . Weight % Atomic %
S Fe Cu Total S Fe Cu Fe : S
6945 53.50 44.86 0.54 98.90 67.27 32.38 0.35 1:2.08
53.46 45.17 0.71 99.34 67.04 32.51 0.45 1:2.06
6946 52.91 45.83 n.d. 98.73 66.79 33.21 1:2.01
6947 54.19 45.94 0.39 100.52 67.10 32.66 0.24 1:2.05
54.05 45.56 n.d. 99.61 67.39 32.61 1:2.07
53.23 45.90 n.d. 99.13 66.89 33.11 - 1:2.02
6948
52.61 45.39 n.d. 98.00 66.88 33.12 - 1:2.02
53.56 46.19 n . d . 9 9 . 8 8 (a) 66.83 33.08 - 1:2.02
52.62 46.13 n.d. 98.75 66.52 33.48 _ 1:1.99
6949 53.31 46.17 n.d. 99.48 66.79 33.21 _ 1:2.01
6950 53.54 45.45 n.d. 98.99 67.24 32.76 - 1:2.05
52.71 45.36 n . d . 98.07 66.93 33.07 __ 1:2.02
7228 53.93 44.63 n.d. 98.56 67.79 32.21 1:2.10
6967 53.42 46.49 0.23 100.25 (b) 66.54 33.24 0.14 1:2.00
7229 53.51 46.86 n.d. 100.37 66.54 33.46 - 1:1.99
52.47 46.87 n.d. 99.34 66.10 33.90 — 1:1.95
6971 53.99 46.61 0.19 100.79 66.79 33.09 0.12 1:2.02
6980 53.69 46.15 n . d . 99.84 66.97 33.03 - 1:2.03
54.35 46.56 n.d. 100.91 67.04 32.96 - 1:2.03
6975 52.84 45.81 n.d. 98.65 66.77 33.23 - 1:2.01
53.39 46.37 n.d. 99.76 66.73 33.27 — 1:2.01
6984 53.73 46.47 n.d. 100.20 66.82 33.18 - 1:2.01
53.55 46.45 n.d. 100.54 66.76 33.24 - 1:2.01
6985 52.94 45.95 n . d . 99.01(c) 66.69 33.23 - 1:2.01
53.59 46.51 n.d. 100.23 (d) 66.69 33.23 - 1:2.01
n.d. = not detected. Co was not detected in any sample.
(a) - 0.13 wt % Ni (0.09 atft) , (b) - 0.11 wt % Ni (0.08 at%),
(c) - 0.12 wt % Ni (0.09 at%), and (d) - 0.13 wt % Ni (0.09 at %) •
6945 and 6946 Kangiara mine - chalcopyrite ore; 
6947, 6948 and 6949 Kangiara mine - pyrite ore; 
6950 Kangiara mine - disseminated ore;
7228 White Flag mine;
6967 Triangle mine;
7229 Democrat mine;
6971 Spion Kop mine;
6980 B520 prospect;
6975 Rays prospect;
6984 Wallah Wallah Ag mine;
6985 West Wallah Wallah Ag mine.
A35
APPENDIX 6
E l e c t r o n  M i c r o p r o b e  A n a l y s e s  o f  S p h a l e r i t e  f r o m  t h e  
K a n g i a r a  R e g i o n
Deposits/ore types
1. Kangiara mine - galena-sphalerite ore; 2. Kangiara 
mine - chalcopyrite ore; 3. Kangiara mine - pyrite ore;
4. Kangiara mine - disseminated mineralization;
5. Kangiara mine - vein mineralization; 6. White Flag
mine; 7. Triangle mine; 8. Spion Kop mine; 9. The 
Victory mine; 10. Marie Corelli mine; 11. Rays 
prospect; 12. Pudman Creek prospect; 13. B520 prospect;











Electron M i or op ro be Analyses of Sphalerite from the
Ka ng ia ra Region
1 2 3 4 5 6 7 8
No. Anals 70 52 28 24 29 12 14 16
w t  %
S X 33.05 32.82 33.30 32.37 33.06 33.45 32.74 32.80
0 .54 . 34 .48 .47 .28 .65 .43 .96
Fe X 1.09 1.20 1.29 1.72 1.17 .65 .61 1.08
0 .29 .40 .22 .26 .05 .08 .19 .12
Zn X 65.27 65.09 66.14 64.61 66.41 65.49 66.40 66.60
0 1.08 .95 . 6 6 .98 .61 .93 .81 1.15
Cu X .24 .56 .11 .03 n . d . .05 .18 .04
0 .17 .39 .29 .09 .11 .20 .08
Total 99.65 99.67 100.84 98.73 100.64 99.64 99.93 100.52
a t  %
S X 50.22 49.94 50.08 49.76 49.86 50.71 49.79 49.62
0 .39 .16 .28 .26 .11 .51 .25 .42
Fe X .95 1.05 1.11 1.52 1.01 .56 .53 .94
0 .25 .34 .19 .26 .04 .07 .16 .09
Zn X 48.69 48.59 48.78 48.72 49.13 48.69 49.53 49.42
a .59 .59 .20 . 25 .09 .46 .18 .43
Cu X .19 .44 .04 .01 .00 .04 .14 .03
0 .13 .30 .11 .04 .00 .09 .15 .06
X 1.9 2.1 2.2 3.1 2.0 1.1 1.1 1.9FeS
0 .5 .7 .4 .6 .1 .1 .3 .2
rr .4 .9 .1 .0 .0 .1 .3 .1CuS
0 .3 . 6 .2 .0 .0 .2 .3 .1
.T. 1.5 1.2 2.1 3.1 2.0 1.0 .8 1.8"FeS"
0 .4 .3 . 3 . 6 .1 .1 .1 .2
Metal X .99 1.00 1.00 1.01 1.01 .98 1.01 1.02
Sulphur 0 .01 .01 .01 .01 .01 .02 .01 .02
APPENDIX 6 (Cont.)
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El ec tr on Micr op ro be Analyses of Sphalerite from the
Kangiara Region
9 10 11 12 13 14 15




X 32.65 33.18 32.62 33.71 32.75 33.34 34.17
a .76 .58 .40 .65 .17 .32 .78
Fe X 1.21 1.76 8.98 6.25 5.87 7.68 15.12
0 .05 .87 .48 .50 .14 3.34 1.02
Zn X 65.49 65.06 56.65 60.63 60.75 59.29 50.29
0 .98 .98 .96 .33 .20 3.48 1.42
Cu X n.d. n.d. n.d. n.d. n.d. n.d. n.d.
0 - - - - - - -








FeS X 2.1 3.1 15.77 10.6 10.3
13.2 25.4
0 .1 1.5 .89 .7 .2 5.7 1.2
CuS X n.d. n.d. n.d. n.d. n.d.
n.d. n.d.
0 ~ - -- - -
"FeS" X 2.1 3.1 15.77 10.6
10.3 13.2 25.4
0 .1 1.5 .89 .7 .2 5.7 1.2
Metal X 1.01 .99 1.01 .99 1.01 1.00 .98
Sulphur 0 .01 .01 .01 .01 .01 .00 .02
a t  %
S X 49.86 50.20 49.75 50.21 49.68 49.86
0 .29 .64 .15 .40 .20 .65
Fe X 1.06 1.53 7.87 5.34 5.11 6.57
0 .04 .75 .42 .37 .11 2.80
Zn X 49.06 48.27 42.37 44.31 45.19 43.53
0 .26 .54 .48 .07 .13 2.74
Cu X n.d. n.d. n.d. n.d. n.d. n.d.




1. Kangiara mine - galena-sphalerite ore; 2. Kangiara 
mine - chalcopyrite ore; 3. Kangiara mine - pyrite ore;
4. Kangiara mine - disseminated mineralization; 5. Kangiara 
mine - vein mineralization; 6. White Flag mine; 7. Clan
MacKenzie mine; 8. Kangiara Blocks; 9. Triangle mine;
10. Great Southern mine; 11. Marie Corelli mine;
12. Spion Kop mine; 13. The Victory mine; 14. Last 
Chance mine; 15. Bachelors Reef; 16. Rays prospect;
17. Humewood mine; 18. Red Hill Cu mine; and 19. B520 prospect.
E l e c t r o n  M i c r o p r o b e  An a l y s e s  of C h al co py ri te fr om the
K a n g i a r a  R e gi on
x = mean
a = standard deviation
A3 9
E l e c t r o n  M i c r o p r o b e  A n a l y s e s  o f  C h a l c o p y r i t e  f r o m  t h e  
K a n a i a r a  R e g i o n
APPENDIX 7
1 2 3 4 5
No. AnaIs 16 14 10 6 8
wt %
S X 34.65 34.66 34.34 34.28 34.28
0 .71 .41 .50 . 54 .41
Fe X 30.92 31.14 31.39 31.18 30.81
0 .59 .37 . 6 6 .21 .04
Cu X 33.84 34.27 34.38 34.40 34.22
a .57 .42 .81 .12 .21
Total 99.41 100.07 100.11 99.86 99.31
a t  %
S X 49.87 49.64 49.27 49.30 49.52
a .28 . 14 .43 .27 .35
Fe X 25.54 25.60 25.85 25.74 25.54
a .13 .12 . 18 .10 .10
Cu X 24.58 24.76 24.89 24.96 24.96
a .19 .14 .25 .17 .26
Metal X 1.01 1.01 1.03 1.03 1.02
Sulphur a .01 .01 .02 .01 .01
A40
E l e c t r o n  M i c r o p r o b e  A n a l y s e s  o f  C h a l c o p y r i t e  f r o m  t h e  
K a n g i a r a  R e g i o n
APPENDIX 7 (Cont.)
6 7 8 9 10
No. Anals 10 11 9 14 7
w t %
S X 35.44 34.27 34.29 34.60 35.44
a .30 .41 .29 .30 .11
Fe X 31.06 30.87 31.11 31.35 31.35
a .60 .12 .32 .59 .10
Cu X 34.50 34.68 35.06 34.42 35.54
a .17 .18 .14 .34 .23
Total 101.00 99.82 100.46 100.37 101.33
a t %
s X 50.14 49.32 49.09 49.46 49.30
a .52 .32 .13 .24 .15
Fe X 25.23 25.50 25 .57 25.72 25.76
0 .14 .22 .15 .24 .08
Cu X 24.63 25.18 25.33 24.81 24.95
0 .08 .11 .21 .05 .15
Metal X .99 1.03 1.05 1.02 1.03
Sulphura .02 .01 .02 .01 .01
APPENDIX 7 (Cont.)
El e c t r o n  Micr op ro be Analy s es of Chalco py ri te from the
Ka n g i a r a  Region
11 12 13 14 15
No. Anals 13 12 10 10 16
wt %
S X 34.22 34.13 34.18 34.19 34.03
c .49 .64 .35 .65 .23
Fe X 31.19 31.09 30.89 31.19 31.01
a .33 .29 .38 .49 .31
Cu X 34.57 34.10 34.38 34.43 34.33
a .39 .66 .28 . 66 .33
Total 99.98 99.32 99.65 99.81 99.37
a t  %
S X 49.19 49.33 49.35 49.23 49.22
0 .11 .24 .15 .17 .09
Fe X 25.74 25.80 25.60 25.75 25.74
0 .05 .21 .20 .12 .10
Cu X 25.07 24.87 25.05 25.01 25.05
0 .06 .24 .08 .18 .10
Metal X 1.03 1.03 1.03 1.03 1.03
Sulphur0 .00 .01 .01 .01 .00
A 4 2
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El ec tr on M i c r o p r o b e A n a l y s e s  of C h al co py ri te from
K a n g i a r a  Regi on
16 17 18 19
No. Anals 12 8 6 26
wt %
S X 34.42 34.15 34.24 34.38
0 .41 .31 .22 .30
Fe X 30.95 30.96 31. 38 31.47
a .48 .24 .20 .32
Cu X 34.15 34.48 34.36 34.40
a .56 .18 .20 .28
Total 99.52 99.59 99.98 100.25
at % 
S X 49.58 49 .26 49.20
49.25
0 .39 .09 .19 .12
Fe X 25.59 25.64 25.88
25.88
0 .24 .06 .08 .15
Cu X 24.82 25.10
24.91 24.87
0 .17 .09 .12 .17
Metal X 1.02 1.03 1.03 1.03




E l e c t r o n  M i c r o p r o b e  A n a l y s e s  o f  T e t r a h e d r i t e - F r e i b e r g  i t e
f r o m  t h e  K a n g i a r a  R e g i o n
A4 4
APPENDIX 8
E l e c t r o n  M i c r o p r o b e  A n a l ys es of T e t r a h e d r i t e - F r e i b e r g i t e
fr om the K a n g i a r a  an d Spion Kop mines
Sample Weight %
No. Cu Ag Fe Zn Sb As S Total
K a n g i a r a  m i n e
7230 23.83 18.75 3.52 2.95 26.71 0.21 23.08 99.05
22.09 19.04 3.45 2.91 26.55 0.45 23.31 98.70
7231 24.15 21.78 3.64 3.35 21.22 0.37 24.59 99.10
24.09 21.09 3.62 3.26 22.90 0.44 23.53 98.93
23.44 18.25 3.91 2.50 27.88 0.42 22.05 98.45
23.54 22.31 4.00 2.96 21.25 0.41 24.09 98.54
7232 25.60 16.50 3.25 3.17 27.55 0.39 21.94 98.40
25.73 15.61 3.18 3.54 28.22 0.10 23.80 100.18
25.38 12.43 2.58 3.53 30.58 0.50 24.13 99.13
28.14 14.10 2.27 2.64 29.36 0.35 23.31 100.17
7233
25.92 16.95 2.71 3.36 25.69 0.34 23 .56 98.53
30.54 11.28 1.78 4.31 26.70 0.31 23.80 98.72
37.72 0.35 2.38 4.43 27.22 0.46 26.22 98.78
S p i o n K o p  m i n e
7234 25.61 13.63 2.47 4.29 28.16 .36 24.21 98.73
28.12 14.13 2.35 3.98 26.58 .40 22.90 98.46
A4 5
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E l e c t r o n  M i c r o p r o b e  An al ys es of T e t r a h e d r i t e - F r e i b e r g i t e
from the K a n g ia ra and Spion Kop mines
Sample 
N o . Cu Ag
Atomic % 
Fe Zn Sb As S
K a n g i a r a  mi n e
7230 23.46 10.87 3.94 2.79 13.72 0.18 45.04
22.67 11.06 3.87 2.79 13.67 0.38 45.56
7231 23.11 12.28 3.96 3.12 10.60 0.30 46.63
23.44 12.09 4.01 3.08 11.63 0.36 45.39
23.52 10.78 4.46 2.44 14.60 0.36 43.84
22.79 12.72 4.40 2.79 10.74 0.34 46.22
7232 25.53 9.69 3.69 3.07 14.34 0.33 43.35
24.75 8.84 3.48 3.31 14.17 0.08 45.37
24.58 7.09 2.84 3.32 15.45 0.41 46.31
27.21 8.03 2.50 2.48 14.82 0.29 44.67
7233 25.25 9.74 3.00 3.18 13.06 0.28 45.49
29.15 6.34 1.94 4.00 13.30 0.25 45.02
33.83 0.18 2.43 3.86 12.74 0.35 46.61
S p i o n Kop mine
24.72 7.75 2.71 4.02 14.19 0.29 46.32




N o t e .
- not determined
nx not detected at x ppm
<x line seen but less than lowest standard (x ppm)
Due to the different techniques used ("Tennant's" 
and "1:1:1" methods) and because the matrix of 
the samples is variable the limits of detection 
are variable and hence for one sample a value may 




E m i s s i o n  S p e e t r o g r a p h i c  R e s u l t s  o f  R y r i t e  f r o m  t h e  
K a n g i a r a  R e g i o n  ( i n  p a r t s  p e r  m i l l i o n )
APPENDIX 9
h 48
E m i s s i o n  S p e o t r o g r a p h i o  Results of Pyrite from the
K a n g i a r a  R e gi on (in parts per million)
6945 6946 6947 6948 6949 6950 6951 6952
Ag 8 60 60 60 40 80 150 100
As 400 n30Q0 400 n3000 n300 n300 4000 4000
Au 1 - nl - nl nl nl nl
Bi n30 n300 200 n300 200 250 n30 n30
Cd nlO n300 nlO n300 nlO nlO 150 80
Co 30 60 60 40 40 60 nlO nlO
Cu 250 1% 1% 1% 1% 4000 400 3000
Ga <1 n3 nl n3 <1 nl <1 <1
Ge n3 n30 n3 n30 n3 n3 n3 n3
In nl - 1 - 30 25 nl <1
Mn nl 3 nl nl 1 1 nl nl
Mo 3 80 15 150 30 nl 15 20
Ni 3 100 n3 8 6 10 n3 n3
Pb 2000 2000 1% 4000 1% 1% 1% 8000
Sb n30 n300 30 n300 n30 n30 100 150
Sn nl n2 0 nl n2 0 15 20 1 2
Ti 80 nlO 10 30 nlO nlO nl 0 nlO
T1 n3 nlO 0 n3 nlOO n3 n3 n3 n3
Zn 1000 - 1500 - 100 60 1% 6000




Kangiara mine —  galena-sphalerite ore; 
Kangiara mine —  chalcopyrite ore; 
Kangiara mine —  pyrite ore;
A49
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E m i s s i o n  S p e o t r o g r a p h i c  Results of Pyrite from the
K a n g i a r a  Regi on (in parts per million)
6953 6954 6955 6956 6957 6958 6959 6960
Ag 200 300 80 60 100 100 40 60
As 6000 3000 1500 n300 n3000 8000 6000 n3000
Au nl nl nl nl - nl nl -
Bi n30 n30 n30 150 n300 400 n30 n30 0
Cd 200 250 nlO 25 n300 10 400 n300
Co nlO 30 40 150 10 80 nlO 80
Cu 200 600 250 1000 200 1% 100 3000
Ga <1 <1 nl <1 4 <1 2 n3
Ge n3 n3 n3 n3 n30 n3 n3 n30
In 2 nl nl 1 - - 20 4 -
Mn nl nl nl nl 6 nl nl nl
Mo 10 150 2 <1 4 60 8 25
Ni n3 3 4 n3 n3 100 n3 n3
Pb 1% 4000 2500 1500 8000 6000 1500 4000
Sb 80 60 30 n30 n300 40 80 n300
Sn 2.5 nl 2 nl n20 8 1 n2 0
Ti nlO nlO nlO 10 nl 0 nlO nlO 30
T1 n3 n3 n3 n3 nlOO n3 n3 nlOO
Zn 6000 6000 2000 2000 - 2000 1% -
Co/Ni - >1 >1 >1 >1 <1 - >1
6953-6957
6958-6960
Kangiara mine - pyrite ore;
Kangiara mine - disseminated mineralization
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Em i s s i o n  S p e c t r o g r a p h i c  Results of Ryrite from the
K a n g i a r a  Region (in parts per million)
6961 6962 6963 6964 6965 6966 6967 6968
Ag 15 200 60 nl 60 300 6 10
As n300 n300 4000 n3000 1500 n300 400 3000
Au nl nl nl - nl nl nl nl
Bi 30 1500 60 n300 300 3000 n30 n30
Cd nlO nlO nlO n300 10 nlO nlO nlO
Co 60 150 80 20 40 nlO nlO 80
Cu nl 3000 1000 400 1% 1% 25 400
Ga nl <1 2 3 nl <1 nl <1
Ge n3 n3 n3 n3 0 n3 n3 n3
In nl nl <1 - 2 10 <1 nl
Mn 1 1 60 2.5 nl nl nl nl
Mo 1 1.5 10 6 <1 3 4 6
Ni 10 n3 30 10 10 40 n3 n3
Pb 1000 1% 300 150 6000 200 100 600
Sb n30 n30 60 n300 n30 n30 n30 n30
Sn nl nl nl n20 3 20 nl nl
Ti 100 nlO nlO 250 nlO nlO nlO nlO
T1 n3 n3 n3 nlOO n3 n3 n3 n3
Zn 40 800 1500 - 2000 100 n30 800







Kangiara mine - disseminated mineralization; 







Em i s s i o n  S p e o t r o g r a p h i o  Results of Pyrite from the
Ka n g i a r a  R e gi on (in parts per million)
6969 6970 6971 6972 6973 6974 6975 6976
Ag 15 40 40 nl nl 3 15 8
As 3000 n3000 n300 4000 n3000 300 2500 2000
Au 3 - nl nl - nl nl nl
Bi n30 n300 200 150 n300 n30 80 30
Cd nlO n300 20 nlO n300 nlO nlO nlO
Co 40 40 100 40 150 40 60 30
Cu 200 3000 800 100 100 100 200 nl
Ga <1 4 <1 8 6 2 nl <1
Ge n3 n30 n3 n3 n30 n3 n3 n3
In 1.5 - <1 nl - nl <1 nl
Mn nl 4 4 4 2.5 200 250 80
Mo 200 8 nl 3 n3 nl 80 nl
Ni 3 n3 n3 6 6 80 60 3
Pb 800 8000 8000 25 n 20 60 300 800
Sb 40 n300 n30 n30 n300 n30 n30 n30
Sn nl n20 nl 15 n20 nl nl nl
Ti nlO 30 nlO 80 30 60 nlO 80
Tl n3 nlOO n3 n3 nlOO n3 n3 n3
Zn 300 - 3000 40 - 60 60 30











E m i s si on S p e o t r o g r a p h i c  Results of Pyrite from the
K a n g ia ra Regi on (in parts per million)
6977 6978 6979 6980 6981 6982 6983 6984
Ag nl nl nl nl nl nl nl 15
As n300 n300 n3000 n30Q0 n3000 n3000 n3000 1%
Au nl nl - - - - - nl
Bi n30 n30 n300 n300 n300 n300 n300 n30
Cd nlO nlO n300 n300 n300 n300 n300 40
Co 40 30 250 10 10 100 1000 nlO
Cu ■ nl nl 300 200 80 40 800 nl
Ga 2 1 4 4 4 4 4 nl
Ge 3 <3 n30 n30 n30 n30 n30 n3
In nl nl - - - - - nl
Mn 100 80 400 250 300 300 80 nl
Mo 15 nl n3 n3 n3 n3 n3 nl
Ni 4 n3 25 15 <3 <3 60 n3
Pb 200 600 600 40 n20 80 n20 1000
Sb n30 n30 n300 n300 n300 n300 n300 100
Sn 10 1.5 n20 n20 n20 n20 n20 1000
Ti nlO nlO 100 40 40 40 200 nlO
T1 n3 n3 nlOO nlOO nlOO nlOO nlOO n3
Zn n30 800 - - - - - 2000




Wallah Wallah Ag mine
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E m i s si on S p e c t r o g r a p h i c  Results of Pyrite from the
Ka n g i a r a  R e gi on (in parts per million)
6985 6986 6987 6988 6989 6990 6991 6992
Ag nl 10 nl nl nl <1 nl nl
As 300 400 n300 600 n300 6000 n300 4000
Au nl nl nl nl nl nl nl -
Bi n30 200 n30 n30 n30 n30 n30 n300
Cd nlO nlO nlO nlO nlO nlO nlO n300
Co nlO 250 20 nlO 250 600 300 400
Cu nl 600 nl nl nl 15 nl 3
Ga <1 nl nl nl nl 1 6 n3
Ge n3 n3 n3 n3 n3 n3 n3 n30
In <1 2.5 <1 nl nl nl nl -
Mn nl nl nl nl nl 15 40 8
Mo nl nl nl nl nl nl nl n3
Ni 60 6 <3 n3 n3 100 40 80
Pb 400 60 n20 400 n20 400 200 100
Sb 60 n30 n30 n30 n30 n30 n30 n300
Sn 100 10 30 nl nl 1.5 1 n20
Ti nlO nlO nlO nlO nlO 1500 800 1500
Tl n3 n3 n3 n3 n3 n3 n3 nlOO
Zn n30 40 n30 100 n30 n30 n30 -
Co/Ni <1 >1 >1 - >1 >1 >1 >1






Langs Creek mine (from quartz v e i n ) ;
Quartz vein north of Mayfield mine;
Quartz vein in Ordovician rocks east of 
Rye Park;
Disseminated pyrite within Hawkins Volcanics6990-6992
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E m i s s i o n  S p e o t r o g r a p h i c  Results of Pyrite fr om the
























Disseminated pyrite within Hawkins Volcanics 
Yundoo prospect/ north of Boorowa.
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APPENDIX 10
E m i s s i o n  S p e c t r o g r a p h i c  R e s u l t s  o f  C h a l e o p y r i t e  f r o m  
t h e  K a n g i a r a  R e g i o n  ( i n  p a r t s  p e r  m i l l i o n )
APPENDIX 10
A56
E m i s s i o n  S p e o t r o g r a p h i c  Results of Chaloo py ri te from the
K a n g i a r a  Re g i o n  (in parts per million)
6995 6996 6997 6998 6999 7198 7199 7200
Ag 400 80 400 200 600 80 100 200
As n300 n3 00 1500 n300 n300 n300 n300 n300
Au nl nl nl nl 2 nl nl nl
Bi 600 3000 1500 600 600 600 2000 100
Cd 40 nlO 80 10 nlO nlO 100 nlO
Co nlO 40 nlO nlO nlO nlO nlO nlO
Gel 1 nl 2 <1 <1 <1 <1 <1
In 30 15 40 150 150 30 25 15
Mn 1 6 nl nl nl 25 40 nl
Mo 40 <1 40 40 60 100 100 40
Ni n3 n3 3 n3 6 n3 60 n3
Pb 4000 6000 1% 3000 1500 300 2500 2000
Sb 60 n30 60 n30 150 n30 n30 n30
Sn 30 20 30 60 100 15 150 15
Ti 10 nlO 10 10 10 10 250 nlO
Zn 2000 600 3000 1500 2000 300 2500 600
6995 Kangiara mine - galena-sphalerite ore;
6996-6998 Kangiara mine - chalcopyrite ore;
6999 Kangiara mine - disseminated mineralization;
7198-7199 Kangiara mine - vein mineralization;
7200 Clan MacKenzie m i n e .
APPENDIX 10 (Cont.)
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Emission Speotrographio Results of Chalcopyrite from the
Kangiara Region (in parts per million)
7201 7202 7203 7204 7205 7206 7207 7208
Ag 600 150 150 60 60 60 40 300
As n300 n300 n300 n300 n300 n300 n300 n300
Au nl nl nl nl nl nl nl nl
Bi 2000 30 300 2500 n30 80 n30 1500
Cd nlO 80 150 nlO 30 nlO 30 30
Co nlO nlO nlO nlO nlO nlO nlO 30
Gel nl <1 <1 <1 nl <1 nl <1
In 25 3 25 20 25 150 3 2
Mn nl 40 nl 8 100 40 nl 8
Mo <1 2 30 30 4 100 nl nl
Ni 3 40 10 n3 80 60 n3 n3
Pb 400 6000 1000 1000 2000 2500 nl 1%
Sb n30- n30 n30 n30 n30 n30 n30 n30
Sn 25 3 30 10 nl 150 nl 80
Ti nlO 40 nlO 15 100 250 nlO nlO
Zn 600 2000 4000 600 100 2500 100 2000
7201 Kangiara B l o c k s ;
7202 Triangle mine;
7203 Great Southern mine;
7204 Marie Corelli mine;
7205 Last Chance mine;
7206 Bachelors Reef;
7207 Prospect No. 1;
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E m i s s i o n  S p e o t r o g r a p h i o  Results of Ch aloopyrite from the




















Frogmore Cu m i n e ; 
B520 prospect.
APPENDIX 11
E m i s s i o n  S p e c t r o g r a p h i c  R e s u l t s  o f  S p h a l e r i t e  f r o  
t h e  K a n g i a r a  R e g i o n  ( i n  p a r t s  p e r  m i l l i o n )
APPENDIX 11
A60
Emission Speotrographio Results of Sphalerite from the
Kangiara Region (in parts per million)
7210 7211 7212 7213 7214 7215 7216 7217
Ag 200 1000 400 80 1000 200 150 250
As n300 n300 n300 n300 n300 n300 n300 n300
Au 2.5 3 40 nl nl nl nl nl
Bi n30 n30 30 n30 n30 n30 n30 n30
Cd 7500 7500 7500 4000 7500 5000 2000 2500
Co 30 80 60 30 200 250 10 nlO
Cu 1% 2000 1% 300 800 2500 4000 1%
Ga 30 25 30 80 60 60 40 80
Ge n3 n3 n3 n3 n3 4 3 n3
In 25 100 100 20 8 20 1.5 1.5
Mn 10 80 60 10 80 300 150 40
Mo nl nl nl nl nl 1 1.5 6
Ni n3 n3 n3 n3 n3 n3 n3 n3
Pb 200 1% 2000 2000 8000 1% 1% 3000
Sb 200 1500 1000 1000 800 200 200 30
Sn 6 15 20 2 1.5 3 2.5 4
Ti nlO nlO 10 40 80 20 150 40
V nlO nlO nlO nlO nlO nlO 10 nlO








Kangiara mine - galena-sphalerite ore; 
Kangiara mine - chalcopyrite ore;
Kangiara mine - pyrite ore;
Kangiara mine - disseminated mineralization; 





Em i s s i o n  S p e c t r o g r a p h i c  Results of Sp halerite from the
K a n g i a r a  R e g i o n . (in parts per million)
7218 7219 7220 7221 7222 7223.
Ag 100 1000 150 20 100 250
As n300 n300 n300 n300 n300 n300
Au nl 15 nl nl nl nl
Bi 40 n30 n30 150 n30 n30
Cd 5000 5000 7500 7500 2500 7500
Co 80 100 200 250 100 n30
Cu 1% 1% 2500 2000 40 3000
Ga 20 15 300 3 40 60
G© n3 3 3 n3 n3 n3
In 60 nl 10 150 40 150
Mn 100 10 0 80 3000 3000 800
Mo nl 1.5 nl nl nl nl
Ni n3 n3 n3 8 n3 4
Pb 1% 1% 6000 4000 8000 250
Sb 40 2500 n30 n30 n30 40
Sn 2 nl nl 1 nl 3000
Ti 200 nlO nlO 60 80 300
V nlO nlO nlO nlO nlO nlO
W n3 n3 n3 n3 n3 n3
7218 Marie Corelli mine;
7219 Spion Kop m i n e ;
7220 The Victory mine;
7221 Rays prospect;
7222 Pudman Creek prospect;
7223 Wallah Wallah Ag mine.
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APPENDIX 12
E m i s s i o n  S p e o t r o g r a p h i e  R e s u l t s  o f  G a l e n a  f r o m  
t h e  K a n g i a r a  R e g i o n  ( i n  p a r t s  p e r  m i l l i o n )
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APPENDIX 12
Emission Speotrographio Results of Galena from the
Kangiara Region (in parts per million)
7210 7211 7224 7212 7214 7215 7216 7218
Ag 1000 800 150 1500 2500 100 400 80
As n300 n300 n300 2000 n300 n300 n300 n300
Au nl nl nl nl nl nl nl nl
Bi 60 6 1000 2500 nl 200 600 300
Cd 200 200 1000 300 250 30 60 100
Co nlO - ~ — - - nlO -
Cr n20 - - - - - n20 -
Cu 10 300 600 1000 4 4 300 15
Fe nlOO - - - - - nlOO -
Ga nl 1 8 4 nl nl 1 nl
Ge n3 - - - - - n3 -
In 2 nl 20 15 nl nl nl nl
Mn nl - - - - - nl -
Mo nl 10 1 20 nl nl 2 nl
Ni n3 - - - - - n3 -
Sb 2000 2500 800 8000 6000 200 200 150
Sn nl nl 2 2 nl nl nl nl
Ti nlO - - - - - nlO -
V nlO - - - - - nlO -
W n3 n3 n3 n3 n3 n3 n3 n3
Y nlO - - - - - nlO -
Yb n3 - - - - - n3 -
Zn 3000 1% >1% 1% 1% n30 4000 30
Zr n30 - - - - — n30
—
7210-7211 Kangiara mine - galena-sphalerite ore;
7224 and 7212 Kangiara mine - chalcopyrite ore;
7214 Kangiara mine - disseminated mineralization?
7215 Kangiara mine - vein mineralization;
7216 White Flag mine;
7218 Marie Corelli mine.
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Emission Speotrographio Results of Galena from 
the Kangiara Region (in parts per million)
7220 7222 7223
Ag 300 300 4000
As n300 n300 n300
Au nl nl nl
Bi 4 1 nl
Cd 20 30 200
Co - - nlO
Cr - - n20
Cu 2 250 25
Fe - - nlOO
Ga nl nl nl
Ge - - n3
In nl nl nl
Mn - - nl
Mo nl nl nl
Ni - - n3
Sb 400 2000 3000
Sn nl 30 3000
Ti - - nlO
V - - nlO
W n3 n3 n3
Y - - nlO
Yb - - n3
Zn n30 30 1000
Zr - - n30
7220 The Victory mine ;
7222 Pudman Creek prospect?
7223 Wallah Wallah Ag mine.
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APPENDIX 13
Emission Spectrographie Results of Mareasite 
from the Kangiava Region (in pants pen million)
A66
APPENDIX 13
Emission Spectrographic Results of 
Maroasite from the Kangiara Region 
(in parts per million)
7225 7226 7227
Ag 80 nl 60
As 1.5% 1% 0.8%
Bi n30 n30 n300
Cd nlO nlO nlOO
Co 30 nlO 15
Cu 600 nl 300
Gel <1 1 6
In 1 nl -
Mn 6 nl 100
Mo 20 6 60
Ni 30 6 3
Pb 1500 20 4000
Sb 80 300 n300
Sn 1 nl n20
Ti 150 150 80
Tl 600 20 200
Zn 800 n30 -
7225 Kangiara West Shaft;
7226 Humewood DDH 1 76 m;
7227 Kangiara DDH 113 m.
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SUPPORTING WORK
The following publication of the author is included 
here as a support to the main body of the thesis. This 
publication appeared as a paper in a scientific journal and 
is not a joint publication.
"The Mineralization of the Kangiara Mine, N . S . W . " .
Proc. Australas. Inst. Min. Metall., 258, 31-39.
This paper presented the results of preliminary investig­
ations of the Kangiara mine based on microscopic examination 
of 150 polished samples. It was considered advisable to 
carry out such studies prior to extensive geochemical invest­
igation of the Kangiara mineralization.
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